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Executive Summary

The Black Pine Mine (BPM) is located approximately 10 miles northwest from Philipsburg,
Montana in Granite County. The site consists of approximately 1,055 acres of patented mining
claims and 157 unpatented lode claims on lands administered by the United States Forest Service
(USFS). Mining began at the BPM around 1885 and continued, intermittently, into the 1990s.
The mine site encompasses several historic and modern mining areas, including the Combination
Mine Area of Concern (AOC), the Tim Smith Mine AOC, the Historic Mine AOC, and the
Combination Mill AOC. Physical and environmental hazards resulting from mining operations
remain at the site. In addition to remnant structures, adits, and shafts, areas of metals-impacted
wastes are located throughout the site. Metals-impacted wastes include mine tailings and waste
rock, as well as sediments and soils impacted by metals leaching from mine wastes or from
metals-laden seeps. These impacted materials create risks for both site users and ecological
receptors.

Site assessments and investigations at the BPM began in 1981 and have continued periodically
since then. In 2011, DEQ completed a Reclamation Investigation (RI) to further characterize
mine wastes, delineate the extent of wastes, develop estimated quantities of wastes, and
preliminarily investigate potential repository areas. Work conducted as part of the RI identified
the nature and extent of impacted wastes and physical hazards at the BPM, and estimated the
risks these hazards pose to human health and the environment. The primary conclusion of the RI
Report was that site users and ecological receptors are at risk due to elevated metals
concentrations in impacted surface water, mine wastes, soils, and sediments at the site.
Recommendations presented in the R1 Report included consolidating the solid-media wastes and
separating these wastes from human and ecological receptors. A potential reclamation
alternative to address this recommendation is placement of the solid-media wastes in an onsite
repository.

A preliminary repository investigation was performed as part of the RI to evaluate whether or not
suitable onsite repository locations may exist at the BPM. Four potential repository locations
(Repositories 1-4) were investigated during the R1. Based on the preliminary investigations, the
Repository 2 Area appeared to be more suitable for long-term waste storage than the other three
potential repository areas. The Repository 2 Area covers approximately 15 acres in a
topographic bowl north of the access road to the Lewis Shaft and includes the Harrison and
Harper Shaft areas within the Historic Mine AOC. While the Repository 2 Area appeared to be
suitable, a variety of data gaps were identified. These data gaps, which are discussed in the 2012
Repository Investigation Work Plan (RIWP), ranged from the depth of mine workings in the
repository area to the depth of rippable bedrock and permeability of contaminated soils to the
engineering properties of borrow materials.

The Montana Department of Environmental Quality, Mine Waste Cleanup Bureau
(DEQ/MWCB) performed a Repository Investigation to further investigate conditions at the
preferred repository location; to further evaluate engineering properties of waste rock, tailings,
and impacted sediments that may be placed in a repository; and to evaluate potential on-site
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borrow materials. This Repository Investigation Report (RIR) was prepared to document
activities performed and results of the Repository Investigation, and to develop a preliminary
repository design configuration and preliminary design parameters. Based on work completed as
part of the Repository Investigation, as well as previous repository investigation work at the site,
the proposed repository location appears suitable for long-term waste storage.

Field Investigations

Field investigations were completed during August and September 2012 and focused on filling
data gaps presented in the RIWP. Investigation activities included:

= Conducting additional site reconnaissance and mapping of springs and seeps.

= Excavating test pits and collecting surface and subsurface samples for geotechnical
testing from the Combination Mill tailings impoundments (three test pits),
Combination Mill sediments and soils (two sample locations), South Fork Lower
Willow Creek sediments (one sample location), reprocessing area tailings on
USFS-administered lands (two test pits), and Combination Mine waste rock pile
(three test pits).

= Collecting two material samples from the “Old Mill” site and two material samples
from the Combination Mill site and submitting these samples for Toxicity
Characteristic Leaching Procedure (TCLP) analysis.

= Drilling five boreholes in the repository area and evaluating bedrock cores retrieved
from four of the five boreholes.

= Excavating 10 test pits within or adjacent to the proposed repository footprint, and
collecting subsurface samples from test pits for laboratory geotechnical testing.

= Excavating 24 test pits in potential borrow areas and collecting surface samples for
agronomic testing and subsurface samples for geotechnical testing.

= Monitoring groundwater levels in repository monitoring wells and collecting
groundwater samples (from MW-RY-07) for geochemical analyses.

Field Investigation Results and Evaluations

Observations and data collected during the field investigations and from geotechnical and
analytical laboratory testing were evaluated to assess the suitability of the proposed
repository for long-term waste storage. Evaluations included:
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= Evaluating the geotechnical properties of the waste materials for slope stability
analyses, determining proper waste handling, and developing conceptual sequencing
of waste disposal in the repository.

= Evaluating the geotechnical properties of subsurface materials collected from the
repository area and potential borrow areas for use as waste excavation area backfill,
liner materials, and cover material.

= Evaluating the agronomic properties of surface materials collected from potential
borrow areas for use as cover soil/growth media.

Waste Materials

Approximately 420,000 cubic yards (cy) of metals-impacted wastes are estimated to be present
at, and downgradient of the BPM. These impacted wastes, summarized in the table below,
include waste rock, tailings, and metals-impacted soils and sediments. The estimated waste
volumes are based on review of analytical results, test pit observations, review of boring logs,
and interpretation of topographic mapping. The largest volumes of wastes are those that have
been consolidated in the Combination Mine waste rock pile and the Combination Mill tailings
impoundments.

Impacted Waste Location Estimated Volume (cy)®

Combination Mine Waste Rock Pile 231,200
Combination Mine Soils Removal Areas 5,000
Tim Smith Waste Rock Dumps at Tim Smith No. 1 and 22,650
No. 2 Adits
Combination Mill Sediments, Soils, and Tailings 126,900
Impoundments
South Fork Lower Willow Creek Stream Sediments 21,100
Historic Mine Area Waste Rock Areas 13,350

Total 420,200

cy — cubic yards
(a) Quantities are preliminary; estimates will be refined during design.

The waste rock proposed to be placed in the repository contains sulfides that have the potential to
generate acid rock drainage (ARD) if exposed to oxygen and water. Heavy metals are present in
the waste material from each of the AOCs. Mercury is present in the Combination Mill,
reprocessing area, and South Fork Lower Willow Creek-related wastes. These wastes will

December 16, 2013 3 Herrera Environmental Consultants




require monitoring and management during excavation, transport, and placement. Minimizing
contact between waste materials and water is important to reduce generation of ARD, leaching of
heavy metals, and transport of the ARD and metals into the groundwater or surface water.

Waste rock samples collected during the Repository Investigation and the RI are characterized as
cobbly gravel to silty gravel with cobbles (GP to GM, Combination Mine waste rock pile), well
graded gravel with silt and sand (GW-GM, Tim Smith No. 1 Adit waste rock), silty gravel with
sand (GM, Harper Shaft waste rock), and clayey gravel with sand (GC, Harrison Shaft waste
rock). Samples collected from the Combination Mine waste rock pile were slightly drier than
optimum, while samples collected from the Tim Smith, Harrison Shaft, and Harper Shaft waste
rock areas were slightly wetter than optimum. Placing the waste materials at moistures contents
slightly drier than optimum moisture may be desired to reduce the quantity of leachate material
that is generated from pore water being released due to compacting and /or settlement of the
wastes in the repository. Therefore, moisture conditioning (drying) may be required for a portion
of the waste rock.

The tailings collected from the Combination Mill tailings impoundments are characterized as
clayey gravel (GC), silty sand (SM), and clayey silt (CL-ML). Samples collected from the
former reprocessing area are characterized as lean clay (CL). The stream sediments along South
Fork Lower Willow Creek consist of predominantly non-plastic silts (ML) and silty fine sands
(SM). Geotechnical testing performed on Combination Mill tailings, sediment, and reprocessing
area samples showed that adequate compaction densities could be achieved for the placement of
this material. Based on test pit observations during the RI, some of these materials are highly
saturated and will likely require drying or mixing with other materials (e.g., lime products, waste
rock, impacted soils, etc.) prior to placement and compaction in a repository.

Long term, stable embankment slope angles for waste materials placed in the repository will vary
depending on the type of waste material and the material forming the base of the repository. For
sandy gravels (GP), slightly silty gravel with sand (GP-GM), and silty gravels with sand (GM)
soils, wastes should be placed at a slope angle of 2 feet horizontal to 1 foot vertical (2H:1V) or
flatter. Waste fill slopes comprised of clay, gravelly clay or clayey gravel should be sloped at
3H:1V or flatter. Materials should be moisture conditioned as discussed above and compacted in
lifts no greater than 12-inches.

Analytical results for samples of brick and wood collected from the “Old Mill” and the
Combination Mill sites did not exceed TCLP characteristic hazardous waste criteria. These
materials can be disposed of as non-hazardous materials in RCRA Subtitle D landfill facilities.

Repository Area

The proposed repository is sited in a topographic bowl in the area of the Harrison Shaft. The
location and preliminary layout of the repository can accommodate the waste volume of
approximately 420,000 cy with room for expansion. Impacts to the surrounding infrastructure
caused by the siting and construction of a repository, such as power lines, roads, and historical
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shafts, can either be avoided or managed. The proposed layout sits against the southern ridge,
which avoids the overhead power lines but requires rerouting USFS Road 678.

Although underground mine workings are known to extend into the area of the repository, they
do not appear to substantially affect the suitability of the site due to their depth ranging from
123 feet below ground surface (bgs) (near the Harper Shaft) to 410 feet bgs (near the Lewis
Shaft). Mine workings were not observed or encountered during the advancement of boreholes
or the installation of test pits associated with this repository investigation.

Bedrock conditions at the site will not significantly affect construction of a repository. Bedrock
is approximately 120 feet bgs in the middle of the northern edge of the site. On the perimeter of
the proposed repository footprint, where the bedrock is closer to the surface, the bedrock appears
rippable. Although the bedrock is fractured, bedrock slippage at the fractures is not expected to
occur because bedrock will generally not be disturbed and overburden removal will be minor
during construction of the repository.

Although normal faults have been noted in the mine area and near the proposed repository area,
either the faults appear to have been inactive for a significant period, allowing soil to develop
over them, or the faults do not extend to the surface. In addition, the displacements of these
faults are considered to be minimal and no apparent indications of fault activity have been
observed during field investigations in the repository area.

The surficial soil in the repository area consists of colluvium derived from the weathering and
transport of adjacent outcropping rocks. The colluvium is characterized as slightly silty to silty
gravel with fine to coarse sand and cobbles (GP-GM, GM); silty fine to coarse sand with gravel
and cobbles (SM); and gravelly silt with fine to coarse sand and cobbles (ML). This material is
found as a 3 to 10-foot thick surface layer throughout the proposed repository area. This
material was underlain by glacial till deposits. These deposits comprise the bulk of the
overburden soils in the northwestern portion of repository area. The glacial till deposits are
characterized as moist, clayey or silty gravel with fine to coarse sand and few cobbles (GC, GM);
or as gravelly clay (CL) with fine to coarse sand with few to some cobbles.

Based on the field observations and test results, sufficient volumes of material exist within the
repository area for construction of the repository, subject to further design and decisions
regarding liner systems. The soils within the proposed repository area, including those within
the preliminary repository excavation, are suitable for use as soil cover material. These materials
should be screened to remove cobbles and larger fractured rock greater than 6 inches as well as
large debris. The clayey gravel (GC) and gravelly lean clay (CL) materials encountered within
the repository area would be suitable for use as a compacted soil liner for either the repository
base or cap, provided the materials could feasibly be processed to remove materials larger than 3
inches.

Topsoil within the repository footprint is suitable for use as cover soil, with the exception of
topsoil near RY-SS-03, provided the soils are amended to increase nutrient levels. While the
quality of the topsoil is suitable for use as cover soils, there are limited quantities available. An
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average of 3 inches of topsoil is assumed salvageable across 11.9 acres of the repository
footprint.

Seeps were not identified within the footprint or immediately adjacent to the proposed
repository. An area with signs of seeps and defined springs is located approximately 900 to
1,200 feet northwest (downslope) of the proposed repository area. The seeps and springs in this
area form the headwaters of Mill Creek. Signs of seeps were also identified approximately
1,000 feet to the northeast, in topographic bowl that is separated from the proposed repository
area by a small ridge. These seeps are outside of the repository area and do not affect the
suitability of the site for waste storage.

Shallow groundwater/perched water at the site appears to be limited, and the groundwater
observed to date does not appear to be extensive or flow significantly. Deeper groundwater has
not been observed in MW-RY-09 that is screened between 10 and 30 feet bgs. Deeper
groundwater was observed infiltrating at a flow estimated at less than 1 gallon per minute (gpm)
into two of the five boreholes advanced during this investigation (RY-RB-01 and RY-RB-02), at
depths of approximately 38 feet bgs and between 30 and 43.5 feet bgs, respectively. However,
these depths are approximately 20 feet greater than the anticipated excavation depth for the
repository.

Borrow Areas

Borrow material may be needed as part of repository construction or as backfill in waste
excavation areas. Soils may be required for random fill, structural fill, liner/cover material,
drainage material, and/or cover soil. Six potential borrow areas were identified during
development of the RIWP. Based on materials observed during test pit excavation two of the
potential borrow areas (BPB11 and BPB 12) are discounted from future consideration.

Surface soil samples test pits in potential borrow areas BPB1A, BPB7A, BPB2/3, and BPB13
were collected and submitted for agronomic analysis. Evaluation of the agronomic test results
indicates that borrow area surface soils are suitable for the establishment and growth of a lodge
pole pine forest and acceptable for grass communities. Levels of potassium, phosphorous,
conductivity, and cation exchange capacity (CEC) are within the range to support vegetation, but
nitrogen levels are low. Organic matter levels for the soils sampled at the four potential borrow
areas are adequate and are typical for mountain soils.

However, while surface soils found in these potential borrow areas may be suitable for use as
cover soils, there are only limited quantities available. Topsoil depths across the BPM range
from 2 to 5 inches. This makes borrowing topsoil difficult. Sufficient depth of topsoil must
exist in borrow areas to provide material for the target area while also maintaining sufficient
topsoil at the borrow area to allow for reclamation. Limiting disturbance of borrow areas solely
for obtaining cover soils is recommended. Alterations to the conceptual design of the cover
system for the repository are also recommended to incorporate a rock erosion protection layer
and reduce cover soil needed for a vegetative layer.
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Subsurface soils in the potential borrow areas consisted of coarse-grained sands and gravels with
varying amounts of silt and lean clay. Sufficient fine-grained materials for possible use in a
repository cover or liner were present at BPB1A, BPB7A, and BPB13. The southern portion of
BPB7A may serve as a source of materials for random fill and liner/cap construction and likely
will be disturbed by other construction-related activities. However, sufficient suitable materials
appear to be present in the proposed repository to limit the need to disturb additional borrow
areas for the purpose of repository construction. Some materials from these borrow areas may
still be needed for backfill of waste excavation areas.

Preliminary Repository Design

A preliminary repository design has been developed based on evaluation of field investigations
and laboratory test results. The potential repository area covers approximately 15.5 acres in a
topographic bowl north of the access road to the Lewis Shaft and includes the Harrison and
Harper Shaft waste rock areas within the Historic Mine AOC. The preliminary design for the
proposed repository includes:

= The repository is designed to blend in with the surrounding topography to the extent
possible. The area will be excavated to depths of 10 to 14 feet below ground surface
(bgs) with cut slopes varying from 2H:1V to 3H:1V. The repository thickness,
including waste materials, cap materials, and surface erosion protection features
ranges from 25 feet to 35 feet with approximately 13 to 25 feet (including surface
cap) above grade. The finished surface slopes for the majority of the repository area
will range from 7H:1V to 10H:1V; however, the slopes range from 4H:1V to 3H:1V
along the southwest edge of the repository to tie with the existing topography near the
Lewis Shaft access road.

= The proposed repository will be capped to reduce precipitation that falls directly on
the repository from infiltrating into the waste materials. The surface will also be
sloped to promote drainage off the cap. The cap will include a liner system designed
to reduce permeability to less than 1x10™ centimeters per second (cm/sec). The liner
system will include a bedding layer/material, an impervious layer/geosynthetic
material, and a drainage layer/material. The composite liner will be protected with a
soil cover with a minimum thickness of between 2.5 feet and 3.0 feet.

= An erosion protection layer is required to protect the repository cap. This layer is
typically a vegetative layer. However, limited topsoil is available onsite, which
would make establishment of a dense vegetation cover difficult, without disturbing
larger areas. Additional topsoil is present in potential borrow areas BPB7A, BPB2/3,
BPB1A, and BPB13. However, disturbing these areas to provide soil for the
repository is not recommended because establishment of vegetation at the borrow
areas would be difficult. Instead, a combination rock armoring (approximately
9.5 acres) and vegetation cover (6 acres) is proposed for the repository.
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= The repository area soils also have low to moderate compressibility such that
settlement of the foundation soils under the waste fill will be minimal. Since the
settlement would occur as the loads are applied, differential settlement should not
pose a problem. The in-situ native soils appear to be suitable to support construction
of a waste repository.

= The preliminary design includes stormwater diversion ditches and interceptor
trenches upslope of the repository. The ditches would intercept stormwater runon and
snowmelt from upslope areas and divert the water around the repository. These
ditches will limit the amount of water contacting the surface of the repository, thereby
reducing the potential for erosion of, or infiltration through, the cap. The ditches
should be constructed with low permeability materials (available onsite) to limit
infiltration through the ditch bottom. Similarly, shallow interceptor trenches along
the upslope perimeter would be designed to capture shallow subsurface flows and
provide a preferential flow path away from the repository. Drainage material for the
interceptor trenches would likely need to be imported from an offsite source or
obtained by screening onsite sources.

Future Activities

Limited additional site investigations are recommended to provide additional information for
design of a repository. Results from these investigations would be used to support decisions
regarding the applicability of a bottom liner and to design liners and groundwater controls.
Additional excavation, using location information provided by the USFS is also recommended to
evaluate the Harrison Shaft closure.

Other project activities will include development of an Engineering Evaluation and Cost
Analysis (EE/CA). If construction of a repository is supported through the EE/CA process, then
additional design will be completed.
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1.0 Introduction

The Montana Department of Environmental Quality, Mine Waste Cleanup Bureau
(DEQ/MWCB) contracted Herrera Environmental Consultants (Herrera), in association with
Trihydro Corporation (Trihydro), to conduct a Reclamation Investigation (RI) at the Black Pine
Mine (BPM) in 2011. The RI fieldwork was completed between May 2011 and January 2012,
and the findings were summarized in the Final Reclamation Investigation Report (Rl Report)
(Herrera/Trihydro 2012a), dated May 29, 2012.

Work conducted as part of the RI identified the nature and extent of impacted wastes and
physical hazards at the BPM, and estimated the risks these hazards pose to human health and the
environment. The primary conclusion of the RI Report was that site users and ecological
receptors are at risk due to elevated metals concentrations in impacted surface water, mine
wastes, soils, and sediments at the site. Recommendations presented in the Rl Report included
consolidating the solid-media wastes and separating these wastes from human and ecological
receptors. A potential reclamation alternative to address this recommendation is placement of
the solid-media wastes in an onsite repository.

Four potential repository areas were identified and investigated during the RI. The location,
results, and evaluation of these repository areas are included in the RI Report (Herrera/Trihydro
2012a). Based on investigations completed during the RI, one of the potential repository areas,
Repository 2, appeared to be more suitable for the siting of a repository than the other sites.
However, additional information was necessary to evaluate and confirm the suitability of the
Repository 2 Area. Therefore, the Rl Report recommended additional geotechnical
investigations to: (1) determine whether an onsite repository could be constructed to contain the
impacted wastes, and (2) obtain design parameters for the repository.

Pursuant to the findings and recommendations presented in the RI Report, DEQ issued Task
Order No. 13 under DEQ Contract 407032 to Herrera for the purpose of preparing a Repository
Investigation Work Plan (RIWP) (Herrera/Trihydro 2012b). Following acceptance of the RIWP,
DEQ issued Task Order No. 16 for the purpose of investigating the preferred repository area
(Repository 2), investigating potential soil borrow areas, and further evaluating geotechnical
properties of waste materials. This Repository Investigation Report (RIR) presents the findings
of these investigations.

1.1 Site History

The BPM is located approximately 10 miles northwest of Philipsburg, Montana and consists of
approximately 1,055 acres of patented mining claims and 157 unpatented lode claims on lands
administered by the United States Forest Service (USFS) (Figure 1-1). Mining began at the
property in 1882 and continued intermittently up until 1993. The mine primarily produced silver
with smaller quantities of gold, copper, and tungsten. The last company to mine the property
was the American Smelting and Refining Company (ASARCO). Through the bankruptcy of
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ASARCO, the Montana Environmental Custodial Trust was created to address environmental

actions at the BPM property and manage the remediation funds. Hazardous features and waste
remain at the BPM, including abandoned adits and shafts, two historical mills, mine buildings,
and mine wastes (Renewable Technologies, Inc. 2011). Site features are shown on Figure 1-2.

Site assessments and investigations at the BPM began in 1981 and have continued periodically
since then. In 2011, DEQ completed an RI to further characterize mine wastes, delineate the
extent of wastes, develop estimated quantities of wastes, and preliminarily investigate potential
repository areas (Herrera/Trihydro 2012a). Due to the large size of the site, DEQ divided the
BPM into four areas of concern (AOCs): the Combination Mine Area; the Tim Smith Mine Area;
the Historic Mine Area; and the Combination Mill Area (Figure 1-3). These areas include mine
adits, mine facilities, mine shafts, and waste rock or tailings deposits. Background information
for the site, including location, history, environmental setting, historical investigations, and
results from the 2011 RI is presented in the July 11, 2011 Reclamation Work Plan (RWP)
(Herrera/Trihydro 2011) and the RI Report (Herrera/Trihydro 2012a).

1.2 Waste Characteristics and Quantities

The BPM is comprised of a variety of mining-impacted lands, including tailings impoundments,
waste rock piles, adits, shafts, and fluvially deposited mine tailings and mill deposits. Elevated
levels of antimony, arsenic, cadmium, copper, iron, lead, mercury, and manganese have been
detected in tailings and waste rock samples. Elevated levels of antimony, arsenic, cadmium,
lead, and mercury have also been detected in sediment samples. Based on the risk assessment
conducted as part of the RI, the human health (HH) contaminants of concern (COCs) for soil,
sediments, tailings, and waste rock at the BPM are antimony, arsenic, and lead. These three
contaminants are also the COCs for terrestrial wildlife. The COCs for terrestrial plant
communities include arsenic, cadmium, copper, lead, mercury, and zinc (Herrera/Trihydro
2012a).

Analysis of surface water and groundwater samples have shown elevated levels of antimony,
arsenic, cadmium, copper, iron, lead, manganese, mercury, and zinc. The HH COCs for water,
excluding seeps, at the BPM are antimony, arsenic, lead, and mercury. COCs for aquatic life
(surface water and sediments) include arsenic, cadmium, copper, lead, mercury, silver, and zinc
(Herrera/Trihydro 2012a).

DEQ estimated the extent of metals-impacted, solid-media wastes based on the R1 and historical
investigations. Depths of materials determined through test pitting and previous monitoring well
installations were used in conjunction with the aerial extents of impacts and Light Detection and
Ranging (LiDAR) topographic mapping to estimate waste volumes. An estimated 420,000 cubic
yards (cy) of metals-impacted materials are present at the BPM (Table 1-1). A large portion of
the estimated waste volume is associated with the Combination Mine waste rock pile. Other
waste materials include impacted soils in the Combination Mine Soils Removal Areas; waste
rock in the Tim Smith and Historic Mine AOC:s; tailings, impacted soils, and impacted sediments
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in the Combination Mill AOC, including the former tailings reprocessing area on USFS lands,
and impacted sediments downstream along South Fork Lower Willow Creek.

Table 1-1. Estimated Impacted Waste Volumes at Black Pine Mine

Impacted Waste Location Estimated Volume (cy)®

Combination Mine Waste Rock Pile 231,200
Combination Mine Soils Removal Areas 5,000
Tim Smith Waste Rock Dumps at Tim Smith No. 1 and 22,650
No. 2 Adits
Combination Mill Sediments, Soils, and Tailings 126,900
Impoundments
South Fork Lower Willow Creek Stream Sediments 21,100
Historic Mine Area Waste Rock Areas 13,350

Total 420,200

cy — cubic yards
(a) Quantities are preliminary; estimates will be refined during design.

1.3 Preliminary Repository Investigation

A preliminary repository investigation was completed as part of the Rl in 2011 to determine if
suitable locations existed onsite for the construction of a long-term repository to contain
impacted soils, sediments, tailings, and waste rock identified during the R1 (Herrera/Trihydro
2012a). Four potential repository locations were identified during the RI; descriptions of the
four areas are included in the Rl Report and the RIWP. The four potential repository locations
are shown on Figure 1-2.

Observations were made of potential repository sites (Repositories 1 — 4) and preliminary
subsurface investigations of these sites were conducted, including excavating test pits, drilling
boreholes (Repository 2 Area only), and installing monitoring wells (Repository 2 Area only).
Surface and subsurface samples were collected and submitted for laboratory analyses to identify
geochemical and geotechnical characteristics of soils, agronomic properties of the soils for use as
growth media, and potential acid generating properties of the soils. The investigation data is
presented in the Rl Report.

Of the four repository locations, the Repository 2 Area appeared to be more suitable for
long-term waste storage than the other three locations (Herrera/Trihydro 2012a). The Repository
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1 Area covered approximately 18 acres along the west side of the ridge above the Combination
Mine waste rock pile and west of the Black Pine Road. The proposed Repository 1 Area
contains bedrock near the surface, 2 to 3 feet below ground surface (bgs), across this site,
limiting the ability to excavate a repository, and increasing construction costs if a below grade
repository is required. The Repository 3 Area covered approximately 16 acres along the south
face of the ridge separating the Lewis Shaft from the Tim Smith No. 1 Adit, and west of the road
from the Lewis Shaft to the Tim Smith No. 1 Adit. Bedrock is shallow (3 feet bgs) in the
Repository 3 Area, limiting the ability to excavate a repository, and increasing construction costs
if a below grade repository is required. The Repository 3 Area would also result in the most
difficult haul of the four identified repository areas. The fourth potential repository, the
Combination Mill area identified by the USFS, covered approximately eight acres west of South
Fork Lower Willow Creek in the area of the Combination Mill. Shallow groundwater, active
springs, limited storage, and distance from the Combination Mine waste rock pile were the
primary reasons the Combination Mill area was not considered further as a potential repository
site (Figure 1-2).

The Repository 2 Area covers approximately 15 acres in a topographic bowl north of the access
road to the Lewis Shaft and includes the Harrison and Harper Shaft areas within the Historic
Mine AOC, as shown on Figure 1-4. The Repository 2 Area appears to be the more suitable
location for the following reasons:

= The area is centrally located in the mining complex. The area is accessible and
minimizes haul distances from individual AOC waste sources.

= The area provides the greatest excavation depths to bedrock, as compared to the other
potential repository areas. While weathered bedrock is relatively shallow at 8 to
15 feet bgs in some portions of the proposed repository area, excavation in other
portions could extend to estimated depths of over 25 feet.

= Groundwater was not encountered in monitoring wells located within the footprint or
immediately adjacent to the proposed site, during or immediately following
monitoring well installation.

= A portion (three acres) of the repository footprint has been impacted by waste rock
associated with the Harrison and Harper shafts, reducing the net impact and waste
rock haul costs associated with constructing a repository in this location.

Additional detail on the preliminary repository investigations can be located in both the RI
Report (Herrera/Trihydro 2012a) and the RIWP (Herrera/Trihydro 2012b). The site
hydrogeology, geology, and mine geology, as understood at that time, are also described in the
RIWP.
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1.4 Data Gaps

The results of the RI, combined with the development and evaluation of mine geology and
underground mine workings, and the evaluation of Applicable or Relevant and Appropriate
Requirements (ARARS) during development of the RIWP were used to identify data gaps for the
repository siting and design. The evaluation of ARARs identified in the RIWP
(Herrera/Trihydro 2012b) is further discussed in Section 4.3 of this RIR. Additional exploration
and testing data needed to meet ARARs and allow development of design elements, as outlined
in Section 3 of the RIWP, included:

= Engineering properties of cover material, repository bottom, containment berms and
slopes

= Depth and extent of mine workings, engineering properties of bedrock, and status of
mine shafts within the Repository 2 Area

= Depth of rippable bedrock, hydraulic conductivity of bedrock, and permeability of
containment soils

= Permeability of containment soils from borrow sites
= Agronomic properties of cover soils, if present, from borrow sites

= Engineering properties of Combination Mine waste rock and Combination Mill
tailings, sediments, and soils

Evaluating the engineering properties of the waste and borrow materials will determine how
these materials should be placed to achieve the desired engineering properties for long-term
stability. Repository designers will use the engineering properties in limit equilibrium computer
models to evaluate various repository design configurations and to design cover and liner
systems that meet ARARs and acceptable levels of safety.

1.5 Objectives of the Repository Investigation

As described in the RIWP, the purpose of the repository investigation was to further evaluate the
suitability of the Repository 2 Area for siting a long-term waste storage facility. The specific
objectives of the repository investigation were to:

= Evaluate geologic and hydrologic conditions at the proposed repository

= Evaluate engineering properties of tailings, waste rock, impacted sediments, and
impacted soils
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= Evaluate whether suitable borrow areas for cover soils/growth media and unclassified
backfill exist in the vicinity of the BPM

= Develop a preliminary repository configuration and design parameters

1.6 Organization of the Repository Investigation Report
This report is organized into six sections:

= Executive Summary — This section is a brief summary of the work and purpose of the
report.

= Section 1.0 Introduction — This section presents a brief site history, summarizes the
site conditions, identifies the existing data gaps necessary to be addressed to site the
repository, identifies the objectives of the repository investigation, and outlines the
organization of the report.

= Section 2.0 Field Investigations — This section summarizes the field investigations
that were completed to meet the repository investigation objectives.

= Section 3.0 Repository Investigation Analyses and Results — This section presents the
results of the repository investigation; including results for waste materials, potential
borrow areas, and the proposed repository area.

= Section 4.0 Repository Evaluation and Preliminary Design — This section evaluates
the results presented in Section 3, summarizes surface and subsurface conditions, and
presents the preliminary repository designs.

= Section 5.0 Conclusions and Recommendations — This section provides the
conclusions and recommendations stemming from the repository investigation.

= Section 6.0 References — This section provides technical references used during
development of this report.

Additional supporting information is presented in the July 11, 2011 RWP (Herrera/Trihydro
2011), the RI Report (Herrera/Trihydro 2012a), and the RIWP (Herrera/Trihydro 2012b).
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2.0 Field Investigations

2.1 Scope of the Investigation

The following activities were completed during the investigation and evaluation of the proposed
Repository 2 location to meet the repository investigation objectives (Section 1.5) and to address
the associated data gaps:

= Drilled boreholes and retrieved bedrock core(s) in the proposed repository area to
evaluate:

1. The depth to bedrock

2. The extent of fracturing in the bedrock
3. The existence of thin stratified layers
4. Evidence of bedrock faulting

5. Signs of iron staining, or other signs, as an indication of historic depth to
groundwater

6. The possibility of shallow or unknown mine workings in the proposed
repository area

= Excavated test pits in the proposed repository footprint to assess rippability of
subsurface soils and fractured bedrock, confirm observations in boreholes, and
investigate signs of shallow groundwater. Collected subsurface samples from test pits
and submitted these samples for geotechnical testing.

= Excavated test pits and collected surface and subsurface samples for geotechnical
testing from the Combination Mill tailings impoundments, Combination Mill
sediments and soils, South Fork Lower Willow Creek sediments, reprocessing area
tailings on USFS-administered lands, and Combination Mine waste rock pile. Note
that in previous reports, including the Rl Report and the RIWP, the former
reprocessing area tailings on the USFS-administered lands was referred to as the
former amalgamation mill. The change in terms from former amalgamation mill to
former reprocessing areas was made based on input and site-specific knowledge
provided by the USFS.

= Excavated test pits in potential borrow areas to assess potential borrow material types
and volumes. Collected and submitted surface samples for agronomic testing and
subsurface samples for geotechnical testing.
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= Evaluated the geotechnical properties of the waste materials for slope stability
analyses, determining proper waste handling, and developing conceptual sequencing
of waste disposal in the repository.

= Evaluated the geotechnical properties of subsurface materials collected from the
repository area and potential borrow areas for use in embankment construction, as
liner materials, and as cover material.

= Evaluated the agronomic properties of surface materials collected from potential
borrow areas for use as cover soil/growth media.

= Conducted additional site reconnaissance and mapping of springs and seeps.

= Monitored groundwater levels in repository monitoring wells and collected
groundwater samples for geochemical analyses.

= Developed a preliminary repository excavation configuration, and a preliminary
repository configuration.

2.2 Sampling Summary

Repository investigation sampling was conducted in accordance with the methods and Standard
Operating Procedures (SOPs) detailed in the RIWP (Herrera/Trihydro 2012b), except as outlined
in Section 2.3, Deviations from the Repository Investigation Work Plan. The field sampling
methods are described in Appendix A.

The project team, consisting of staff from Herrera and Trihydro, conducted investigations at the
proposed repository location, potential borrow areas, and waste areas during August and
September 2012. A summary of the locations investigated, samples collected, and analyses
conducted is provided in Table 2-1. The project team conducted site reconnaissance, excavated
eight exploratory test pits at waste areas, and collected three shallow soil/sediment samples at the
Combination Mill waste area. At the proposed repository area, the project team excavated

10 exploratory test pits, drilled five boreholes, gauged water levels in four repository wells
(MW-RY-06 through MW-RY-09), and collected a groundwater sample from MW-RY-07, the
only well with measurable groundwater. DEQ also gauged water levels in the four repository
wells and collected a groundwater sample from MW-RY-07 on May 3, 2012, during
development of the RIWP. The project team excavated a total of 24 exploratory test pits in

six potential borrow areas.

During the field investigation, the team collected the following samples:

= 16 soil/sediment/tailings samples for geochemical analysis of total recoverable
mercury
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= One groundwater sample for geochemical analysis

= Four debris samples for analysis by the Toxicity Characteristic Leaching Procedure
(TCLP)

= 11 waste samples for geotechnical testing
= 216 feet of core samples from 5 boreholes for geologic interpretation

= 17 repository area soil samples for geotechnical testing; 16 of the samples were
submitted for geotechnical testing

= 25 borrow area soil samples for geotechnical testing; eight of the samples were
submitted for geotechnical testing

= 17 borrow area soil samples for analysis of agronomic parameters; four of these
samples were also submitted for acid base accounting (ABA) analysis

The investigations, sample locations, types of samples, analytical parameters, geotechnical tests,
and agronomic tests are described in the following sections.

Geochemical samples included impacted wastes from areas known or suspected to contain
mercury and surface samples from potential borrow areas. Geochemical samples collected from
the Combination Mill tailings, sediments, and soils; reprocessing area tailings; and impacted
soils/sediments downstream along South Fork Lower Willow Creek were analyzed for total
recoverable mercury prior to submitting the samples to a geotechnical laboratory. The purpose
of this analysis was to provide mercury results to the geotechnical laboratory so that the
laboratory could manage the geotechnical testing of the waste materials in a manner to protect
their personnel and equipment.

Surface samples from select borrow areas were analyzed for agronomic parameters and ABA.
The results of these analyses are used in conjunction with the geotechnical parameters to
determine the suitability of the materials as cover soil.

2.2.1 Waste Material Investigations

Waste material samples were collected from the Combination Mine AOC and the Combination
Mill AOC to characterize the materials engineering properties and assist in designing waste
placement and handling procedures. The project team collected waste materials from test pits
and from surface sample locations.

2.2.1.1 Test Pitting

The project team excavated three test pits in the Combination Mine waste rock pile, three in the
Combination Mill tailings impoundment, and two in the reprocessing area tailings located
downstream of the Combination Mill on USFS-administered lands. Test pit locations are shown
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on Figures 2-1, 2-2, and 2-3, respectively, and sample collection information is summarized in
Table 2-1. Excavation of the test pits continued to bedrock, refusal, maximum reach of the
equipment, or waste/soil interface as appropriate for the location sampled. As the project team
encountered different lithology during the excavation, material was segregated into separate piles
to facilitate collecting composite samples. Samples were collected for geotechnical testing and
geochemical analysis. Composite samples of waste material, comprised of aliquots of material
from the different piles, were collected in 5-gallon buckets. Excavation and sampling
methodology is described in detail in Appendix A and test pit logs and field notes are included in
Appendix B.

Combination Mine Waste Rock

Test pit locations at the Combination Mine waste rock pile are shown on Figure 2-1. Waste
materials in the Combination Mine waste rock pile underlie cover material that varies from 2 to
5 feet in thickness. The project team encountered synthetic liner material at 2 feet bgs at
CMN-GT-01, but the liner material was not the liner installed at the upper end of the
Combination Mine waste rock pile to prevent/minimize surface water run-on to the pile. The
observed liner consisted of different material (estimated to be approximately 30 to 40 mil
thickness) and is suspected to be a remnant from past actions. There is a clear distinction in
cover and waste materials based on the lithology, color, and odor. Waste materials are generally
sandy silty gravel with cobbles, damp, with a musty odor. The sidewalls of the test pits caved in
during excavation suggesting that the waste material was not compacted when placed. A
summary of subsurface conditions encountered in each test pit is presented in Table 2-2.

The project team submitted bulk waste rock samples collected from each test pit at the
Combination Mine to the geotechnical laboratory for analysis by one or more of the following
tests: moisture content, grain size distribution, and standard Proctor as shown in Table 2-1.
Geotechnical results are presented and discussed in Section 3. Combination Mine waste rock
samples were not submitted for geochemical analyses during the repository investigation
fieldwork. DEQ previously collected and submitted waste rock samples for analyses of total
recoverable metals, ABA, and moisture content during the RI. The analytical results for the
geochemical samples collected from Combination Mine during the RI are presented in the RI
Report (Herrera/Trihydro 2012a).

Table 2-2. Combination Mine Waste Material Test Pit Lithology Summary,
Black Pine Mine

Total
Test
. & . Depth Depth Interval (feet bgs)/ Material Description
Pit/Location
(feet bgs)

CMN-GT-01 8.0 0-20 Cover material, sandy silty gravel with cobbles, reddish brown, dry
(Combination 2.0 Liner

Mine) 20-8.0 Sandy silty gravel with cobbles, yellowish brown, damp. Caving on

sides. Waste does not appear to be compacted.
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Total
. Test . Depth Depth Interval (feet bgs)/ Material Description
Pit/Location
(feet bgs)
CMN-GT-02 7.5 0-25 Cover material, sandy silty gravel with cobbles, brown to reddish
(Combination brown, dry
Mine) 25-50 Cover material, sandy silty gravel with cobbles, brown to yellowish
brown, damp

5-75 Gravel with cobbles (4-inch minus), wet, musty odor

7.5 Stopped excavation due to sidewall caving
CMN-GT-03 8.0 0-5 Cover material, sandy/silty gravel, brown, trace cobbles, damp
(Combination 50-8.0  Waste, silty sandy gravel, moist, yellowish-brown, musty odor
Mine)

bgs — below ground surface

Combination Mill Tailings Impoundment and Reprocessing Area Tailings

Test pit and surface sample locations at the Combination Mill tailings impoundment are shown
on Figure 2-2, and test pit locations at the former reprocessing area are shown on Figure 2-3.
Waste materials at the Combination Mill tailings impoundment are composed of a mixture of
tailings and native material, and range from fines and lean clay to sand and gravel. Refusal or
groundwater was encountered at shallow depths ranging from 2.5 feet bgs to 4.5 feet bgs. Waste
materials at the reprocessing area are composed of very fine tailings with lenses of sand. The
project team did not observe gravel or apparent native materials mixed with the tailings. The
project team observed the tailings at the former reprocessing area to extend to a depth of between
5 and 6 feet bgs, at which point cobbles are present. A summary of subsurface conditions
encountered in each test pit is presented in Table 2-3.

Due to concerns with mercury levels, samples of tailings collected from the Combination Mill
tailing impoundment and the reprocessing area were submitted for analyses of total recoverable
mercury prior to submitting the samples to the geotechnical laboratory. In an effort to reduce
mercury levels in the samples, project team members placed the waste material from the test pits
on tarps and allowed the material to sit exposed to the air for approximately two days prior to
collecting bulk samples for geotechnical testing. As described in more detail in Appendix A, an
initial waste material sample was collected and submitted for analysis of total recoverable
mercury upon excavation of a test pit. A second sample was collected after the material had
been exposed to the air and was also submitted for analysis of total recoverable mercury. The
second sample was collected in conjunction with the geotechnical sample and was intended to
document whether mercury levels attenuated in the material due to dissipation of mercury
vapors.

The project team collected and submitted geotechnical samples to the geotechnical laboratories
for analysis of one or more of the following tests: moisture content, grain size distribution (with
hydrometer), Atterberg Limits, and standard Proctor as shown in Table 2-1. Geotechnical and
geochemical results are presented and discussed in Section 3.
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Table 2-3. Combination Mill Tailings Impoundment and Reprocessing Area Tailings Test
Pit Lithology Summary, Black Pine Mine

Total
. Test . Depth Depth Interval (feet bgs)/ Material Description
Pit/Location
(feet bgs)
CML-GT-01 3.0 0-1.0 Topsoil - Sandy Gravel, light brown
(Combination 1.0-2.0 Tailings - fines, pink/orange
Mill) 2.0-3.0 Gravel - Dark brown/black, "native"
3.0 Hard bottom
CML-GT-02 2.5 0-2.0 Tailings - mixed with "native", gravel, dark brown, not clearly
(Combination delineated
Mill) 2.0-25 Dark brown gravel and sand, “native”
Water at 2.5 feet bgs
CML-GT-03 5.0 0-4.5 Lean clay, with sand and large gravel, dark brown/black
(Combination 45-5.0 Gravel, light brown/tan, wet
Mill) Water at 4.5 feet bgs
CML-GT-07%, 6.0 0-5.25 Tailings, very fine, sandy, pink/orange
(Reprocessing 5.25-6.0 Large rounded cobbles, gravel, gray, "slimy" coating on rocks
Area)
CML-GT-08 5.0 0-1.75 Tailings, pink/orange, very fine, sandy
(Reprocessing 1.75-2.25/2.75  Silty sand, grey, no gravel, moist
Area) 2.25/2.75-5 Dark grey/black, some clay, wet, silty sand with clay and gravel,
subrounded, organic matter, odor

* Numbering sequence includes surface soil/sediment samples
bgs — below ground surface

2.2.1.2 Sediment and Soil Sampling

The project team collected two soil/sediment samples adjacent to the Combination Mill tailings
impoundment (Figure 2-2), and one sediment sample downstream along South Fork Lower
Willow Creek (Figure 2-3). Sample collection information is summarized in Table 2-1. Samples
were collected for geotechnical testing and geochemical analysis. Sampling methodology is
described in Appendix A and field notes are included in Appendix B.

The two soil/sediment samples (CML-GT/GC-04 and CML-GT/GC-05) collected at the
Combination Mill area were both non-plastic silt (ML), whereas the sediment sample
(CML-GT/GC-06) collected downstream of the Combination Mill was characterized as silty
sand (SM). Each sample was collected between 0 and 1-foot bgs.

Due to concerns with mercury levels, samples of soils and sediments collected from the
Combination Mill AOC and downstream along South Fork Lower Willow Creek were submitted
for analyses of total recoverable mercury prior to sending the samples to the geotechnical
laboratory. The sampling protocol was similar to that described in Section 2.2.1.1 for tailings
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samples and is outlined in Appendix A. Geotechnical samples were subjected to one or more of
the following tests: moisture content, grain size distribution with hydrometer, and standard
Proctor as listed in Table 2-1. Geotechnical and geochemical results are presented and discussed
in Section 3.

2.2.1.3 Debris Sampling

The Bevill exclusion, as currently administered, exempts extraction, beneficiation, and certain
listed processing solid wastes uniquely associated with mining operations from regulation as
hazardous waste. Material such as building debris and roaster brick may not be covered under
the Bevill exclusion. Therefore, the project team collected four samples of wood and brick
debris at the Combination Mill and “Old Mill” sites, as shown on Figure 2-4, and submitted these
samples for TCLP analyses to determine whether the debris could be disposed of as non-
hazardous materials in Resource Conservation and Recovery Act (RCRA) Subtitle D landfill
facilities. The project team collected one wood and one brick debris sample from each site and
submitted each sample for TCLP metal analysis. Sample collection information is summarized
in Table 2-1. The TCLP metal analytical results are presented and discussed in Section 3.

2.2.2 Borrow Area Investigations

The project team excavated test pits and collected samples to evaluate the potential to borrow
materials suitable for covers soils/growth media, liner material, select backfill, or unclassified
backfill.

2.2.2.1 Test Pitting

The project team excavated test pits and collected samples within the six potential borrow areas
shown on Figure 2-5. The number and location of test pits include:

= Six test pits in potential Borrow Area (BPB) 2/3 (Figure 2-6)
= Five test pits in BPB 1A (Figure 2-6)
= Three test pits in BPB 7A (Figure 2-6)
=  Two test pits in BPB 11 (Figure 2-7)
= Four test pits in BPB 12 (Figure 2-8)
= Four test pits in BPB 13 (Figure 2-8)
Excavation of the test pits continued to refusal or maximum reach of the equipment. Excavation

and sampling methodology is described in Appendix A. Field notes and test pit logs are
provided in Appendix B.
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The project team collected samples from the test pits for geotechnical testing and agronomic
analysis. One surface soil sample and one composite subsoil sample were collected from each
test pit. However, while the project team excavated 24 test pits, the team only submitted

17 surface soil samples and 8 subsoil samples for laboratory testing. Fewer samples were
submitted for testing based on soil conditions encountered in the field. Samples were not
submitted from potential borrow areas or test pits where the field team deemed insufficient cover
soils or subsoils were present. When similar materials were encountered across test pits, a
representative sample was submitted from one test pit, as opposed to each of the test pits. The
number and type of tests actually conducted as compared to the tests identified in the RIWP are
discussed in Section 2.3, Deviations from the Repository Investigation Work Plan.

The project team submitted the surface soil samples to an analytical laboratory for agronomic
testing to determine suitability for use as cover soil. ABA was also performed on one topsoil
sample from BPBs 2/3, 1A, 7A, and 13. The project team submitted subsoil samples to a
geotechnical laboratory for index property tests including natural moisture content, Atterberg
limits, and grain size distribution. The project team selected samples for testing based on the
borrow area conditions and test pit lithology. Sample collection and testing information is
summarized in Table 2-1.

The observed potential borrow area soils range from silty sand with cobbles and gravel (SM) to
cobbles with gravel and sand and trace to some silt (GP-GM, GM) to sandy silt with gravel and
cobbles (ML) and sandy clay with gravel (CL).

The borrow area investigation indicated limited potential for borrow due to shallow refusal as a
result of cobbles and/or bedrock and relatively few fines suitable for cover materials. Possible
exceptions include portions of BPB 1A, surface soils in BPB 2/3, the southern two-thirds of
BPB 7A, and BPB 13. The depth to bedrock is at times variable across a single borrow area. In
some areas, soils exist at the maximum reach of the excavator, varying from 13.5 to 16.0 feet
bgs, depending on the terrain. A detailed description of subsurface conditions encountered in
each test pit is presented in Table 2-4. The materials observed in each of the borrow areas are
briefly summarized below:

= BPB 1A. A mix of silty sandy gravel with cobbles, weathered bedrock, refusal as
shallow as 4.5 feet bgs, and soils extending to the maximum reach of the excavator
(approximately 14 feet bgs).

= BPB 2/3. Densely packed cobbles at relatively shallow depths resulting in refusal at
depths ranging from 3.5 to 7.0 feet bgs.

= BPB 7A. A mixture of shallow bedrock at 3 feet bgs and soils extending to the
maximum reach of the excavator (approximately 14 to 16 feet bgs).

= BPB 11. Shallow bedrock at a depth of 3 feet bgs in the first two test pits at BPB 11
resulted in a decision to eliminate the other two test pits planned for this area.
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= BPB 12. Refusal at depths ranging from 4.25 to 11 feet bgs in three test pits across
the main part of BPB 12 resulted in a decision to eliminate the other test pit planned
for this area despite soils extending to a greater depth in a fourth pit on the periphery
of the borrow area.

= BPB 13. Soils extending to the maximum reach of the excavator in four test pits at
BPB 13, with refusal in one test pit at a depth of 13.5 feet bgs.

2.2.3 Repository Area Investigations

As identified in the RIWP, the data gaps pertaining to the suitability of the potential repository
area for development of a long-term waste repository were the depth, nature, and quality of the
bedrock; the depth to groundwater; and the depth, type, and quantity of overburden soils. The
preliminary investigation of the Repository 2 Area during the RI provided initial information
regarding these data gaps (Herrera/Trihydro 2012a). The data collected during the RI is
summarized in this section, and in other applicable sections of this report, along with information
from the 2012 repository investigation to provide characterization of the proposed repository
area that can serve as the basis for evaluation of the site and preparation of the preliminary
design.

During the RI, two test pits, RY-SS-03 (total depth 14 feet bgs) and RY-SS-04 (total depth of
10.5 feet bgs) were excavated in or along the periphery of the Repository 2 Area (Figure 2-9) to
assess the potential repository area. The test pits were limited in depth due to a combination of
nearing the reach of the excavator and excavation in weathered bedrock. Weathered bedrock
was encountered at depths ranging from approximately 0.8 feet to 3 feet bgs. Test pit RY-SS-03
was excavated to a total depth of 14 feet, with hard excavation noted beginning at 11 feet. Test
pit RY-SS-04 was excavated to a total depth of 10.5 feet, with hard excavation noted beginning
at 8 feet. The field team observed a wet soil zone at 2.75 feet bgs in test pit RY-SS-04
(Herrera/Trihydro 2012a). The test pit logs for these RI test pits are included in Appendix C.
Other test pits were excavated within the Repository 2 Area; however, these other test pits were
targeted at waste materials and not at determining excavation depth or overburden materials
relative to the repository investigation.

In addition, three boreholes (MW-RY-06, MW-RY-07, and MW-RY-08) were drilled within or
along the periphery of the Repository 2 Area using a hollow stem auger (HSA) drill rig in
August 2011 (Figure 2-9). Each of these boreholes were completed as a shallow monitoring well
based on the wet zone observed in test pit RY-SS-04 and observed moist zones in the boreholes.
A fourth borehole (MW-RY-09) was installed using an air rotary drill rig in January 2012 and
completed as a deep monitoring well to evaluate separation between the base of the proposed
repository and groundwater to meet ARAR guidelines (Figure 2-9). Details on the boreholes
installed during the RI are presented in the RI Report (Herrera/Trihydro 2012a). Logs for these
boreholes are provided in Appendix C for ease of reference; note that MW-RY-06, MW-RY-07,
and MW-RY-08 are designated as BP-RY-06, BP-RY-07, and BP-RY-08, respectively in
borehole logs. Depth information for the boreholes/monitoring wells is as follows:
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= MW-RY-06. Located near the center of the proposed repository area, MW-RY-06
was drilled to a total depth of 28 feet bgs. The monitoring well was completed to a
depth of 13 feet bgs and screened from 3 feet to 13 feet bgs. No groundwater was
detected in the monitoring well following completion.

= MW-RY-07. Located along the power line road, downslope of the proposed
repository area, MW-RY-07 was drilled to a total depth of 26 feet bgs. The
monitoring well was completed to a depth of 13 feet bgs and screened from 3 feet to
13 feet bgs. No groundwater was detected in the monitoring well immediately
following completion; however, groundwater was detected in subsequent monitoring
events.

= MW-RY-08. Located north of the repository area, MW-RY-08 was drilled to a total
depth of 10 feet bgs. The monitoring well was completed to a depth of 8 feet bgs and
screened from 3 feet to 8 feet bgs. No groundwater was detected in the monitoring
well following completion.

= MW-RY-09. Located approximately 40 feet southwest of MW-RY-07, along the
power line road, MW-RY-09 was drilled to a total depth of 32 feet bgs. The
monitoring well was completed to a depth of 30 feet bgs and screened from 10 feet to
30 feet bgs. No groundwater was detected in the monitoring well following
completion.

During the 2011 RI investigation, field logs noted that highly weathered bedrock was
encountered at approximately 4.5 feet bgs, weathered bedrock at approximately 19.5 feet, and
more competent bedrock at 24 feet bgs. However, based on the boreholes advanced in 2012, the
depth to bedrock appears to be deeper than noted during the RI. Likely, the refusal of the HSA
during the R1 occurred due to the cobbles in glacial till in the Repository 2 Area.

The RI information was used in the planning and implementation of the proposed repository area
investigation. The following subsections discuss the repository investigation conducted during
2012.

2.2.3.1 Test Pitting

During the 2012 repository investigation, the project team excavated 10 test pits within or
adjacent to the proposed repository area as shown on Figure 2-9. Excavation of the test pits
continued to refusal or maximum reach of the excavator. A total of 17 soil samples were
collected from the 10 test pits for geotechnical testing. Excavation and sample collection
methodology is described in detail in Appendix A. Test pit logs and field notes are provided in
Appendix B. The project team collected samples and submitted them to a geotechnical
laboratory for analysis by one or more of the following tests: moisture content, grain size
distribution (with hydrometer), Atterberg Limits, standard Proctor, consolidated-undrained
triaxial (CUX) compression tests, and hydraulic conductivity as shown in Table 2-1.
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The observed site soils were interpreted to be composed of residual soils and glacial till.
Residual soil is the result of in-situ physical (heat, water, ice, and pressure acting on the rock)
and chemical (leaching, dissolving, and oxidizing of the rock) weathering of bedrock. Residual
soils, in the form of colluvium, range from gravelly clays to gravel/cobbles with sand/silt.
Overall, the observed soils are coarse-grained. The colluvium was deposited over glacial till soil
from the weathering of the surrounding bedrock ridges. Glacial till consists of a heterogeneous
mixture of clay, silt, sand, gravel and cobbles that were deposited and over-ridden by glaciers.
The glacial till soils were observed to generally be overconsolidated, meaning that the soils had
more weight (i.e. the glacier) bearing in the past than the current weight of soil overlying the
glacial till. The test pits in the repository area encountered soils extending to the maximum
reach of the excavator or refusal due to bedrock or cobbles. Only one test pit, RY-SS-06,
appeared to have shallow bedrock resulting in refusal at 7.0 feet bgs. The excavator met refusal
in test pits RY-SS-08, -09, and -14 due to cobbles at depths ranging from 7.0 to 10.0 feet bgs.
Soils were present at the maximum reach of the excavator in test pits RY-SS-07, -10, -11, -12,
-13, and -15 at depths of between 11 and 17.5 feet bgs. These test pits, with the exception of
RY-SS-13, may be located in a zone of glacial till that was evident in RY-RB-04 to a depth of
120.5 feet bgs (discussed in Section 2.2.3.2). Test pit RY-SS-13, excavated along a road cut in
weathered bedrock, was south of and outside of the glacial till zone. Test pits RY-SS-10, -11,
-12, and -15 contained clay material varying from clayey gravel (GC) to gravelly clay (CL) with
low to moderate plasticity. This clay horizon appears to be the same as the gravelly clay (GC)
and clay with gravel (CL) observed in MW-RY-06 installed in 2011 (Herrera/Trihydro 2012a).
Detailed lithology for the repository area test pits is summarized in Table 2-5; test pit logs are
included in Appendix B.

2.2.3.2 Dirilling

Drilling locations were selected to cover the perimeter of the proposed repository configuration
with the deeper boreholes located over the approximate location of underground mine workings
(as estimated based on review of georeferenced mine maps). The project team drilled and cored
five boreholes at the locations shown in Figure 2-9. Samples were not collected for laboratory
analysis. Rock cores were collected from RY-RB-01, RY-RB-02, RY-RB-03, and RY-RB-05
for interpretation of rock quality, as listed in Table 2-1. Bedrock was not encountered until

120 feet bgs in RY-RB-04. The boreholes were drilled through the overburden soils with air
rotary methods and cored into bedrock as described in Appendix B. The borehole depths varied
from 46 to 122 feet bgs (Table 2-6). Borehole logs are included in Appendix D.

Boreholes were advanced to total depths in accordance with the RIWP. The RIWP outlined that
two deep boreholes would be cored until 30 feet of competent bedrock was observed, or until a
depth of 100 feet was cored, whichever was shallower. Three shallow boreholes were proposed
in the RIWP and scheduled to be drilled to the average depth of the top of competent bedrock
observed in the two deep boreholes. Borehole RY-RB-01 was planned to be a deep borehole and
was advanced to a depth of 86 feet bgs based on encountering competent bedrock at a depth of
approximately 55 to 56 feet bgs. Deep borehole RY-RB-02 was advanced to a depth of 77 feet
bgs based on encountering competent bedrock at a depth of approximately 46 feet bgs. Shallow
borehole RY-RB-03 was advanced to a depth of 52 feet bgs (based on an average depth to
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competent bedrock of 51 feet), and RY-RB-05 was advanced to a depth of 46 feet bgs. As
discussed in Section 2.3, borehole RY-RB-05 was discontinued slightly shallower than the
average depth to bedrock due to borehole stability concerns. Borehole RY-RB-04 was advanced
to a depth of 122 feet bgs even though this borehole was identified as a shallow borehole in the
RIWP. The borehole was advanced to this depth because bedrock was not encountered until
120.5 feet bgs. The depth at which drilling encountered bedrock, and the lack of additional
casing on hand to maintain borehole integrity did not allow coring operations to occur at this
location. Borehole data for the repository area is summarized in Table 2-6.

Table 2-6. Summary of Repository Borehole Data, Black Pine Mine

Borehole Approx. Top of Bedrock Groundwater Bottom of
Ground Borehole
Surface Depth | Elevation Description Depth Approx. | Depth | Approx.
Elevation (feet (MSL) (feet Elevation | (feet | Elevation
(MSL) bgs) bgs) (MSL) bgs) (MSL)
RY-RB-01 6334 11 6323 Fractured 38 6296 86 6248
quartzite,
manganese and
iron coated
fractures
RY-RB-02 6388 10 6378 Argillite, with 30-435 6343 - 77 6311
manganese 6358
coated fractures
RY-RB-03 6350 4 6346 Highly Not NA 52 6298
fractured observed
quartzite
RY-RB-04 6316 120.5 6195.5 Quartzite, Not NA 122 6194
brownish observed
yellow
RY-RB-05 6300 16 6284 Highly Not NA 46 6254
fractured observed
quartzite,
brownish
yellow
Approx. — approximate
bgs — below ground surface
MSL — mean sea level
NA - not applicable
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The following borehole summaries were prepared from the borehole logs included in
Appendix D. The borehole logs include photos of the recovered core.

= Borehole RY-RB-01. The surface soil consisted of 3 inches of duff and topsoil
followed by a light brown sandy silt with gravel and cobbles to a depth of 4 feet bgs.
From 4 to 11 feet bgs, a light brown silty gravel with sand and cobbles layer was
encountered. At 11 feet bgs, quartzite was encountered and extended to the bottom of
the borehole. Layers of quartzite were encountered throughout the borehole with the
layers alternating in color from brownish yellow, purple, and brownish pink. The
fracture faces of the core were generally coated with iron and manganese, which is an
indication of groundwater flowing through the fractures in the past. The rock quality
ranged from very poor to poor down to a depth of 55 to 56 feet bgs. The rock quality
improved with depth from 56 feet bgs to the bottom of the borehole. Of particular
note for this borehole, a fault zone was encountered from 34.5 feet to 38 feet bgs. In
the fault zone, the quartzite was crushed and the fractures were observed to be
smooth, flat, and occasionally undulating. Shearing through the core was observed to
be diagonal to the core. Based on these observations, the bedrock was under
compression for a period, but is no longer under the same stress, which indicates the
fault zone is not active. A small quantity (<1 gallon per minute [gpm]) of
groundwater was encountered while drilling at a depth of 38 feet bgs.

= Borehole RY-RB-02. The surface soil consisted of 1 inch of gravel and duff followed
by a layer of waste rock fill composed of brown silty sandy gravel with cobbles to a
depth of 1.3 feet bgs. At 1.3 feet bgs, a layer of light brown gravel and cobbles with
silt and sand was encountered to a depth of 4 feet bgs. From 4 to 9 feet bgs brown
silty gravel and cobbles with sand was encountered. At 9 feet bgs, argillite was
encountered and extended to a depth of 18 feet bgs. The color of the argillite
alternated from purple to brownish yellow. At 18 feet bgs, layers of quartzite were
encountered and extended to the bottom of the borehole. The fracture faces of the
core were generally coated with iron and manganese, which is an indication of
groundwater flowing through the fractures in the past. The rock quality ranged from
poor to fair from the start of coring at 10 feet bgs to 35 feet bgs. The rock quality
becomes excellent from 35 feet to 43.5 feet bgs then degrades to very poor/fair down
to 46 feet bgs where the rock quality improved to good to excellent down to the
bottom of the borehole at 73.5 feet bgs. The drop in rock quality from 43.5 to 46 feet
bgs is due to a fractured zone with a layer from 45 to 46 feet bgs where recovery
(approximately 1 inch) was poor and could only be classified as fractured and stained
quartz. A small quantity (<1 gpm) of groundwater was encountered while drilling
from 30 feet to 43.5 feet bgs.

= Borehole RY-RB-03. The surface soil consisted of 2 inches of duff and topsoil
followed by a light brown sandy gravelly silt with cobbles to a depth of 4 feet bgs. At
4 feet bgs, dark yellowish brown, highly fractured quartzite was encountered to a
depth of 7 feet bgs. From 7 to 11.5 feet bgs a highly fractured, oxidized ore zone
composed of dark yellowish brown and white highly fractured, vuggy (with small
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cavities), massive milky quartz with iron and gossan (an iron bearing weathered
sulfide deposit) seams was encountered. This material has the potential to generate
acid rock drainage (ARD) if exposed to the elements. This layer also contained a
shear zone from 9 to 11 feet bgs. The recovered core fracture faces were observed to
be rough. Rough fracture faces indicate that sliding is less likely to occur than
smooth fracture faces when a load, like a repository, is applied above the bedrock.
Rough fracture faces also indicate that there has been less movement along that
fracture than a smooth, slickensided fracture face. Underlying the oxidized ore layer,
layers of quartzite were encountered to the bottom of the borehole and varied in color
from brownish pink, gray, and dark brownish yellow. The amount of fracturing
varied and impacted the rock quality. The rock quality was very poor from 8 to 13
feet bgs, improved to fair from 13 feet to 40 feet bgs, then improved to good down to
the bottom of the borehole at 52 feet bgs. Groundwater was not observed during
drilling.

Of particular note for this borehole, the coating on the fracture faces was heavier and
composed of iron, manganese, chrysocolla (a copper bearing mineral), and other
black sulfide minerals along with occasional iron-stained milky quartz veins. The hill
on which this borehole is situated is mineralized and oriented northwest — southeast
across the site and just south of the Mill Gulch Fault. If excavated and exposed to air,
further oxidation may occur and create a release of iron and possibly ARD. A soil
cover should remain over the upper oxidized ore zone that appears to exist at the
northern end of the proposed repository area.

= Borehole RY-RB-04. The surface soil consisted of 2 inches of duff and topsoil
followed by a light brown silt and gravel with sand to a depth of 3 feet bgs. Dark
yellowish brown, very dense lean clayey gravel with sand was encountered from 3 to
9 feet bgs. Very stiff, brown, gravelly lean clay with sand was encountered from 9 to
17 feet bgs. Dark yellowish brown lean clayey gravel with sand and cobbles was
encountered from 17 to 120.5 feet bgs. This layer contained varying and alternating
drier and moist zones. Bedrock composed of brownish yellow quartzite was
encountered from 120.5 to 122 feet bgs, the bottom of the borehole. As only 45 feet
of casing was available for maintaining the borehole integrity through the soil, the
bedrock was not cored. The quartzite description was based on the rock chips that
were ejected from the borehole annulus from the air rotary drilling operations.

= Borehole RY-RB-05. The surface soil consisted of 2 inches of duff followed by light
brown sandy silt with gravel to a depth of 2.5 feet bgs. From 2.5 feet bgs to 16 feet
bgs, a layer of dark yellowish brown lean clayey gravel with sand and cobbles was
encountered. At 16 feet bgs, highly fractured quartzite with iron and manganese
coated fractures was encountered to the bottom of the borehole at 46 feet bgs. The
color of the quartzite varied with depth and included brownish yellow, brownish gray,
brown, purplish brown, greenish gray, and brownish pink zones. Groundwater was
typically observed to occur in the brownish yellow and brown zones. The rock
quality ranged from very poor to poor. The fractures were observed to generally
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range from smooth and planar to rough and undulating to irregular. Layers of
bedrock will slide easier on smooth and planar surfaces than they will on rough and
undulating to irregular surfaces. This situation should be evaluated during repository
design. Groundwater was not encountered while drilling.

2.2.3.3 Groundwater Sampling

The project team conducted groundwater gauging and sampling at repository monitoring wells in
accordance with the RIWP as described in Appendix A, with the exceptions noted in Section 2.3.
The project team gauged water levels in repository monitoring wells MW-RY-06 through
MW-RY-09 on September 6, 2013, and collected a water sample on September 7, 2013 from
MW-RY-07 (the only well with measurable groundwater).

In accordance with the RIWP, the groundwater sample from MW-RY-07 was analyzed for total
suspended solids; total dissolved solids; sulfate; hardness; dissolved calcium, magnesium,
potassium, and sodium; and dissolved metals. Dissolved metals included antimony, arsenic,
barium, cadmium, chromium, copper, iron, lead, manganese, mercury, nickel, silver, and zinc.
The groundwater analytical results are presented and discussed in Section 3.

2.3 Deviations from the Repository Investigation Work Plan

The project team conducted the repository investigations in accordance with the RIWP.
Flexibility in the sampling program was designed into the RIWP and the investigation. The
sample locations, number of samples, and sample depths were modified in the field based on
observed field conditions and visual inspection. The deviations from the RIWP primarily relate
to differences in the samples selected for testing as a result of the type of materials observed
during the investigation. The deviations from the RIWP are not indicative of issues with the
sampling and testing program, and the investigation as a whole is considered to be in agreement
with the purposes and methods of the RIWP. Deviations from the RIWP are described below.

Borrow Area Investigations

= Borrow area samples were not tested for standard Proctors, CUX compression tests,
or permeability tests as identified in the RIWP. The lack of a sufficient quantity of
fine-grained material in many of the potential borrow areas indicated that the borrow
material would be unsuitable for use as a liner. In addition, repository area
investigations revealed that there would be sufficient quantities of material in the
repository area footprint for reuse in repository construction (with the exception of
cover soils). The investigation revealed that fine-grain material existed within the
southern part of BPB 7A, which overlapped with the boundaries of the possible
layouts for the proposed repository. Additional test pits within the proposed
repository area also contained fine-grained material. Therefore, gravelly clay from
test pit RY-SS-10 (within the proposed repository area) and a clayey gravel from
RY-SS-11 (within BPB7A and just north of the proposed repository area) were tested
for standard Proctor, CUX compression tests, and permeability.
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= |n some cases, the project excavated fewer test pits at the potential borrow areas than
planned.

1. Three test pits were excavated in BPB 7A rather than four due to concerns
with the difficulty in accessing one location at the bottom of a steep ravine.

2. Two test pits were excavated in BPB 11 rather than four because of the
shallow depth of refusal in the first two pits.

3. Four test pits were excavated in BPB 12 rather than five because the observed
soils in the excavated test pits is unsuitable for cover material.

= Agronomic testing was conducted on a topsoil sample from each test pit in
accordance with the RIWP, with the exception of test pits in BPBs 11 and 12.
Topsoil samples from these potential borrow areas were not submitted for testing
based on field observations of poor or limited soils.

= ABA analysis was conducted on at least one topsoil sample from each borrow area in
accordance with the RIWP, with the exception of BPBs 11 and 12. Topsoil samples
from these potential borrow areas were not submitted for testing based on field
observations of poor or limited soils.

Repository Investigation

= The RIWP indicated that the shallow boreholes, RY-RB-03, RY-RB-04, and
RY-RB-05, would be advanced to the top of competent bedrock as determined by the
average depth in the two deep boreholes.

1. Bedrock was observed at 120.5 feet bgs in RY-RB-04, significantly deeper
than expected. This borehole was extended beyond the target depth (51 feet
bgs based on the average depth to bedrock encountered in the deep borings)
based on a field decision to continue to competent bedrock. The borehole was
abandoned shortly (122 feet bgs) after encountering the competent bedrock.
The bedrock was not cored due to the substantial depth to the bedrock/amount
of overburden and a limited amount of casing. Limited casing was available,
as the depth to bedrock had been estimated to be about 50 feet bgs. The
drillers would have needed to procure additional casing to allow coring of the
bedrock at 120.5 feet bgs.

2. RY-RB-05 was advanced through bedrock from 16 feet bgs to 46 feet bgs, at
which time coring was discontinued because of loss of circulation and caving,
and insufficient casing to seal off this zone.
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3. The joint water reduction factor of the modified RMR was not recorded on the
final rock borehole logs as little to no groundwater was observed while
drilling.

= The RIWP indicated that a sixth borehole, downslope of the repository, would be
drilled and completed as a monitoring well, MW-RY-10. This monitoring well was
not installed due to uncertainty in the final configuration of the repository.
Installation of this monitoring well will be reevaluated during final design of the
repository, should a repository be selected as part of the preferred reclamation
alternative.

= The RIWP indicated six groundwater samples (samples from five wells plus one
duplicate) were to be collected and analyzed if groundwater was present. However,
only one monitoring well (MW-RY-07) contained measurable water. Therefore, two
groundwater samples (original sample plus a duplicate) were collected and analyzed.

Site-Wide

= The sample depths varied from the depths identified in the RIWP. Actual sample
collection depths are listed in Table 2-1 and were based on the conditions and depth
of materials encountered in the field. The depths of samples identified in the RIWP
were reasonable best estimates at the time in the absence of specific knowledge
regarding actual material depths. Differences between the actual sample depths and
the depths identified in the RIWP were expected and do not reflect issues with the
sampling program.

= The number of site-wide solid matrix samples/tests identified in the RIWP compared
to the actual number of samples/tests conducted during the repository investigation is
shown in Table 2-7. The RIWP allowed for selection of samples for testing based on
professional judgment regarding the type and suitability of material for its intended
purpose. The numbers of samples identified in the RIWP were reasonable best
estimates at the time in the absence of specific knowledge regarding soil types in the
areas to be investigated. Differences between the actual number of tests and the
number of tests identified in the RIWP were expected and do not reflect issues with
the sampling and testing program. Differences of note between the actual number of
samples and the number identified in the RIWP are explained below.

1. Sixteen samples were analyzed for total recoverable metals (mercury) rather
than 12 samples identified in the RIWP. Two analyses (before and after
drying/dissipation of mercury vapor) were conducted from each of the eight
bulk samples collected from the Combination Mill, former reprocessing area,
and South Fork Lower Willow Creek areas. The RIWP had not accounted for
analysis of mercury from the former reprocessing area samples.
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2.

Four samples were analyzed for ABA rather than six samples identified in the
RIWP. Samples were selected for ABA based on professional judgment
regarding the suitability of materials for use as cover soil.

Nine hydrometer analyses were conducted as compared to 15 — 17 analyses
identified in the RIWP. Fewer samples from the borrow areas were analyzed
for particle size because not all of the potential borrow areas appeared to
contain suitable soils for use in the repository.

Seventeen samples were analyzed for agronomic parameters rather than
26 identified in the RIWP. There was less material suitable for testing than
had been estimated during the RIWP.

Table 2-7. Site-Wide Testing and Analyses Work Plan Deviations, Black Pine Mine

Number of
Matrix Analytical Parameters/ Method Samples in Actual Number of
RIWP Samples/Analyses

Solid Total recoverable metals® / SW-846 methods 6020/7471 12 16
Solid TCLP®/ EPA Method 1311
Solid Acid-base accounting / Modified Sobek
Solid Particle size analysis / ASA 15-5 26 17
Solid Moisture content / USDA Handbook 60, Method 26 26 17
Solid Natural Moisture Content/ ASTM D2216 35 35
Solid Atterberg limits/ ASTM D4318 16 14
Solid Sieve analysis with hydrometer/ ASTM D422 15-17 26(9)
Solid Standard Proctor/ ASTM D698 9-13 11
Solid Relative Density/ ASTM D4253 and D4254 1-3 0
Solid Consolidated-Undrained Triaxial (CUX) Compression/

ASTM D4767 68 !
Solid Hydraulic Conductivity/ ASTM D5084 or D2434©) 4 5
Solid Cation exchange capacity / EPA 6010B/6020 26 17
Solid pH / ASA 10-3.2 26 17
Solid Conductivity / ASA 10-3.3 26 17
Solid Nitrate as nitrogen / EPA 353.2 26 17
Solid Total phosphorus / EPA 365.1 26 17
Solid Total potassium / EPA 6010B/6020 26 17
Solid Organic matter / ASA 29-3.5.2 26 17
Solid Lime requirement / ASA 12-3.4.4 26 17
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Matrix

Number of Actual Number of

Surface wate
(Equipment
Blanks)

Analytical Parameters/ Method Samples in
RIWP Samples/Analyses
r | Total recoverable metals®/EPA methods 200.7/
200.8/7470 3 2

(a) Total recoverable metals for solid matrices include: mercury.
(b) TCLP metals for solid matrices include: arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver.
(c) Two samples were subjected to testing under multiple conditions.

(d) Total recoverable metals for water include: antimony, arsenic, barium, cadmium, chromium, copper, iron, lead, manganese,
mercury, nickel, silver, and zinc.

ASA = American Society of Agronomy

ASTM = American Society of Testing and Materials
EPA = Environmental Protection Agency

TCLP = Toxicity Characteristic Leaching Procedure
USDA = United States Department of Agriculture

= The number of site-wide geotechnical tests by area identified in the RIWP compared
to the actual number of samples/tests conducted is shown in Table 2-8. Differences
of note between the actual number of samples and the number identified in the RIWP

are

1.

explained below.

Geotechnical tests, including moister content, Atterberg limits, sieve analysis,
standard Proctor, CUX, and hydraulic conductivity, were conducted on the
proposed repository samples, which were not anticipated in the RIWP. Fewer
geotechnical tests, including moister content, Atterberg limits, standard
Proctor, CUX, and hydraulic conductivity, were conducted on borrow area
samples. These differences reflect the observed availability of suitable
material in the proposed repository area, which encompassed several different
potential layouts and overlapped with BPB 7A.

The project team, collected samples from the former reprocessing area and
submitted these samples for geotechnical testing based on differences in the
tailings observed at the former reprocessing area area as compared to the
tailings at the Combination Mill area.

Fewer samples were submitted for CUX testing. Due to the coarseness of the
on-site material, only fine-grained samples from the proposed repository area
and borrow area BPB7A were submitted for CUX testing.
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Table 2-8.

Geotechnical Testing Work Plan Deviations, Black Pine Mine

. Actual
Geotechnical Number of Number
Tests and Area of Concern and Waste Materials to Test® Tests in of
Method Work Plan
Tests®
Natural Combination Mill Tailings Impoundment 3 3
MOISth?b) Combination Mill Impacted Sediments & Soils 2 2
Content
(ASTM D2216) | SFLWC Stream Sediments 1 1
Combination Mine Waste Rock Pile 3 3
Potential Borrow Areas® up to 26 8
Reprocessing Area Tailings 0 2
Repository 2 Area 0 16
Atterberg Combination Mill Tailings Impoundment 3 2
imite®
Limits™ (ASTM Combination Mill Impacted Sediments & Soils 2 1
D4318)
SFLWC Stream Sediments 1 1
Combination Mine Waste Rock Pile 0
Potential Borrow Areas® up to 10 6
Reprocessing Area Tailings 0 1
Repository 2 Area 0 5
Sieve Analysis® | Combination Mill Tailings Impoundment 3 3
(ASTM D422) Combination Mill Impacted Sediments & Soils 2 1
SFLW(C Stream Sediments 1 1
Combination Mine Waste Rock Pile 3 2
Potential Borrow Areas® 6-8 8
Reprocessing Area Tailings 0 1
Repository 2 Area 0 10
Soil Moisture Combination Mill Tailings Impoundment 3 3
and D_enS't_y Combination Mill Impacted Sediments & Soils— Held for uptol 1
Relationship . . -
tandard index property results and comparison to Combination
(standar Mill tailings and SFLWC stream sediments
Proctor
compaction SFLWC Stream Sediments— Held for index property uptol 1
method) results and comparison to Combination Mill tailings and
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. Actual
Geotechnical Number of ctua
- @ . Number
Tests and Area of Concern and Waste Materials to Test Tests in of
Method Work Plan
Tests®
(ASTMDG698 or | Combination Mill impacted sediments & soils
AASHTO T99) Combination Mine Waste Rock Pile 0 1
Potential Borrow Areas® 6-8 0
Reprocessing Area Tailings 0 1
Repository 2 Area 0 4
Relative Density | Combination Mine Waste Rock Pile 1-3 0
(ASTM D4253
and D4254)
Consolidated- Combination Mill Tailings Impoundment 2 0
Un-drzfuned Combination Mill Impacted Sediments & Soils— Held for uptol 0
Triaxial (CUX) | . . —
; index property results and comparison to Combination
Compression . .
Mill tailings and SFLWC stream sediments
(ASTM D4767)
SFLWC Stream Sediments— Held for index property uptol 0
results and comparison to Combination Mill tailings and
Combination Mill impacted sediments & soils
0
Potential Borrow Areas Repository 2 Area®(Note that the 4
7 CUX tests under multiple conditions were performed 0 7
on soils collected from only 2 of the 10 test pits)
Hydraulic Potential Borrow Areas®® Repository 2 Area®(Note that 4 0
Conductivity the 5 hydraulic conductivity tests under multiple
(ASTM D5084 ) | conditions were performed on soils collected from only 2 0 5
of the 10 test pits)

(a) Geotechnical samples were obtained and transported to Trihydro’s Helena office. Tests were assigned after samples were
classified.

(b) Geotechnical index property. Atterberg Limits were only performed if soil was fine-grained silt and/or clay.

(c) Testing to determine suitability of borrow sites for constructing a containment berm, liner, and/or cover soil.

(d) Proctor tests were performed first, then the sample at optimum moisture and density was used for CUX Compression testing
and hydraulic conductivity testing.

(e) The number of samples collected from each location may have varied from the number of samples submitted for testing. A
summary of the samples collected from each area is provided in Table 2-1.

ASTM - American Society of Testing and Materials

SFLWC - South Fork Lower Willow Creek
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3.0 Repository Inspection and Analyses Results

The following section presents field observations and laboratory results from the repository
investigation. Observations of surface conditions in and near the proposed repository area are
presented as they pertain to the suitability of the site for development of a repository. The
geochemical, geotechnical, and agronomic results for samples submitted for laboratory testing
are presented and discussed by area or material type (e.g., waste materials, borrow areas, and
repository area). Test results are provided in tables in this section; the laboratory reports are
provided in Appendix E.

The bedrock quality in the proposed repository area is discussed based on evaluation of rock
cores collected during borehole drilling. A discussion of the repository area geology, hydrology,
and mine workings are presented based on the 2011 RI preliminary repository investigation,
research and evaluation completed during development of the RIWP, and results from this
repository investigation.

Discussions on how the observations and results affect the proposed repository siting and design
are included in Section 4.

3.1 Site Reconnaissance

The field team conducted reconnaissance of the proposed repository area to identify surface
features that could limit or enhance the area’s suitability for construction of a repository.
Personnel noted infrastructure in the repository area, seeps and springs or signs of surface water
in or adjacent to the repository area, and vegetative cover in the area.

3.1.1 Infrastructure

The proposed repository location is bounded by the Harper Shaft to the southeast, overhead
power lines to the east and north, and overlaps USFS Road 678 to the south (Figure 2-9 and
Figure 3-1). The Harper Shaft has been sealed off with a concrete plug and is not within the
proposed repository footprint. The Harrison Shaft is located near the center of the proposed
repository, based on historical mine maps. However, test pits excavated during the repository
investigation to locate the Harrison Shaft collar did not encounter subsurface evidence of the
shaft. There are remnant foundations and dilapidated rock and mortar walls associated with
surface infrastructure near the Harrison Shaft. Asbestos was detected (60% Chrysotile) in a
grout sample collected from the Harrison Shaft rubble during the RI. The remnants of these
buildings will need to be removed and disposed of at an appropriate offsite facility if a repository
is constructed in this area. Discussions on how the repository would be configured to avoid
these features, or how these features would be removed are presented in Section 4.

The Barrett Shaft and Williams No.1, No. 2, and No. 3 shafts are located to the east and
northeast of the proposed repository and an overhead power line (Figure 3-1). There are no
remaining surface features associated with these shafts. These shafts are outside of the proposed
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repository area and should not be disturbed. Likewise, the Lewis Shaft and associated buildings
are located to the west of and outside of the proposed footprint. Construction of the proposed
repository would not disturb the Lewis Shaft area, with the exception of the access road off
USFS Road 678.

3.1.2 Seeps, Springs, and Surface Water

During the 2011 RI fieldwork, test pit RY-SS-03, located along the southern perimeter of the
proposed repository (Figure 2-9), was excavated to a depth of 13 feet bgs. The soils were
observed to be damp throughout the entire depth of the test pit. A wet soil zone was observed at
2.75 feet bgs in test pit RY-SS-04, located north of the northern perimeter of the proposed
repository along the overhead power line road. A confirmation test pit, which was not named,
was excavated between test pit RY-SS-04 and monitoring well MW-RY-07 to confirm the wet
soil zone observed in RY-SS-04. The field team observed a similar wet soil zone to that
observed in RY-SS-04 at approximately the same depth in this confirmation test pit
(Herrera/Trihydro 2012a). Moist soils were noted in test pits excavated during the 2012
repository investigation, but seeps were not observed in the test pits.

Field personnel investigated the repository area in May 2012 for signs of seeps or defined
springs. This investigation was completed during May to take advantage of seasonally high
water tables that would make seeps or springs more apparent. The field team located a series of
small seeps and a spring approximately 900 to 1,200 feet to the northwest (downslope) of the
repository. These water features form the headwaters of Mill Creek, which flows northwest to
South Fork Lower Willow Creek. During the 2011 RI fieldwork, Mill Creek was sampled near
its headwaters at the routine surface water monitoring location, MCSP-1. Detected metals
concentrations in the water sample from MCSP-1 exceeded the DEQ Risk Based Cleanup
Guidelines (RBCG) for arsenic and zinc. Concentrations of cadmium, copper, iron, and lead in
sample MCSP-1 also exceeded the “Montana Numeric Water Quality Standards,” Circular
DEQ-7 (Circular DEQ-7) HH standards (HHS) (Herrera/Trihydro 2012a). A summary of
analytical results for this sample location is provided in Appendix F.

During the September 2012 field investigation, the project team observed a surface seep and
signs of previous seepage northeast of the Mill Gulch Fault and downslope from the overhead
power line, as shown in Figure 2-9. The surface seep and signs of previous seepage are located
approximately 1,000 feet northeast of the proposed repository perimeter in a small topographic
bowl that parallels the bowl in which the proposed repository would be located. The field team
observed standing water in the surface seep and noted the ground was hummocky and dry in the
area of previous seepage. The area appears to have a small flow during the spring runoff and
drains downhill to the northwest (away from the proposed repository area). The field team did
not investigate this area during May 2012 as there is a ridge separating the seep area from the
proposed repository area. The seep was encountered during the September 2012 repository
investigation while investigating BPB 1A, which encompasses this area (Figure 2-6).

No other signs of seeps, springs, or surface water, other than overland flow during snowmelt or
following rainfall events, were observed within the proposed repository area.
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3.1.3 Cover Soils and Vegetation

Based on test pits excavated across the BPM, topsoil thickness at the site generally ranges
between 2 inches to 5 inches. Similar to other areas at the BPM, the proposed repository area
has limited topsoil. In addition, portions of the proposed repository area are covered with waste
rock associated with the Harrison and Harper Shafts. These areas (approximately 2.5 acres) have
no cover soils. USFS Road 678 and the upper access road to the Lewis Shaft are also located in
the proposed repository area, further reducing cover soil areas in the proposed repository
footprint by 1.1 acres.

Vegetation in the proposed repository area, and across the BPM, is characterized by native and
introduced vegetation species. Dominant trees include lodge pole pine (Pinus contorta),
Engelmann spruce (Picea engelmannii), Douglas fir (Pseudotsuga menziesii), and Ponderosa
pine (Pinus ponderosa) (MCS 2004). Shrubs and other vegetative species include grouse
whortleberry (Vaccinium scoparium), snowberry (Symphoricarpos alba), and blue huckleberry
(Vaccinium globurlare) (MNHP 2010). Vegetation is typically limited to undisturbed areas
around the site, while areas that have been disturbed previously (tailings areas, waste rock piles,
and borrow areas) have little vegetation. For example, BPB 4 was used between 2004 and 2006
to obtain cover soil for regrading/reclamation of the Combination Mine waste rock pile. This
borrow area has little to no vegetation nearly seven years after being disturbed.

3.2 Waste Materials

The project team collected samples of waste materials from the Combination Mine waste rock
pile, the Combination Mill tailings impoundments, soils and sediments west of the Combination
Mill tailings impoundments, sediments downstream of the tailings impoundments, and tailings
associated with a former reprocessing area on USFS-administered lands. These samples were
submitted for geochemical and geotechnical testing. The project team also collected debris
samples from the Combination Mill and the “Old Mill” and submitted these debris samples for
TCLP analyses.

3.2.1 TCLP Results

The TCLP metal analytical results for samples of wood and brick collected from structures and
debris at the Combination Mill and “Old Mill” sites are shown in Table 3-1. The laboratory
analytical reports are provided in Appendix E1. Sample locations are shown on Figure 2-4.
None of the metal concentrations in the leachate from the samples exceeded the TCLP
characteristic hazardous waste criteria.
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Table 3-1. Mill Debris TCLP Results, Black Pine Mine

TCLP Results

Date
Location Sampled | Arsenic | Barium | Cadmium | Chromium Lead Mercury | Selenium | Silver
Units (mgf/l) (mgll) (mall) (mgll) (mgf/l) (mg/l) (mgf/l) (mafl)
TCLP Criteria for
Characteristic 5.0 100.0 1.0 5.0 5.0 0.2 1.0 5.0
Hazardous Waste
CML- ND
RCRA-05 | 9/7/2012 | ND (0.5) | ND (10) | ND (0.1) ND (0.5) 1.7 0.012 ND (0.1) ©5)
(wood) '
CML-
ND ND
RCRA-06 | 9/7/2012 | ND (0.5) | ND (10) | ND (0.1) ND (0.5) 1.3 ND (0.1)
. (0.002) (0.5)
(brick)
CML-
ND ND
RCRA-07 | 9/7/2012 | ND (0.5) | ND (10) | ND (0.1) ND (0.5) 05) 0.018 ND (0.1) 05)
(wood) ' '
CML-
ND ND
RCRA-08 | 9/7/2012 1.0 ND (10) | ND(0.1) ND (0.5) 15 ND (0.1)
(brick) (0.002) (0.5)
ric

mg/l — milligrams per liter
ND() — Analyte was not detected (reporting limit)
TCLP - Toxicity Characteristic Leaching Procedure

These results indicate that the structural materials and debris associated with the samples can be
disposed of as non-hazardous materials in RCRA Subtitle D landfill facilities. These materials
will be disposed of offsite in order to avoid mixing Bevill-excluded extraction and beneficiation
wastes with non -excluded wastes within the repository. The disposal of structural material and
debris will be further discussed in the Engineering Evaluation and Cost Analysis (EE/CA).

3.2.2 Geochemical (Mercury) Results

The project team collected 16 samples of tailings, soils, and sediments in the Combination Mill
AOC and submitted these samples to Energy Laboratories for analytical testing to determine
total recoverable mercury concentrations. This testing was completed to determine whether or
not exposing impacted wastes to the air allowed mercury vapors to dissipate, thus reducing
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mercury levels in the wastes. The testing was also completed to provide information on
mercury levels to the geotechnical laboratories so that they could conduct geotechnical testing in
a safe manner for their personnel and equipment. The analytical results are provided in

Table 3-2. The laboratory analytical reports are provided in Appendix E2. Sample locations are
shown in Figures 2-2 and 2-3.

The concentrations of mercury decreased in only one sample set (CML-GC-01, CML-GC-01B)
as a result of being exposed to air. The mercury concentration decreased 20 milligrams per
kilogram (mg/kg) after the waste was exposed to the air. The maximum exposure duration was
approximately two days, which the project team had estimated would be a sufficient duration to
allow the mercury to partially dissipate. However, the concentrations of mercury in samples
after the bulk material was exposed to air were greater than the initially detected concentrations
for six of the other sample pairs. The remaining sample pair showed no change in detected
mercury concentration (Table 3-2). Because the before and after samples were collected from
the bulk material and not from specific samples, this result is thought to be due to the variability
in mercury concentrations in the bulk material rather than to physical or chemical changes in the
sample. The reported values are on a dry-weight basis; therefore, the differences are not
attributed to differences in the moisture content of the samples.

Table 3-2. Waste Material Geochemical (Mercury) Results, Black Pine Mine

Sample Original Sample from Bulk Waste Sample After Bulk Waste Exposed to Air | pitference in
Location
Sample | Sample Mercury Sample Sample Mercury Mercury
Date/ | Concentration Date/ | Concentration | Concentration
Time (mg/kg) Time (mg/kg) (mg/kg)
Combination CML-GC- | 9/5/2012 190 CML-GC- | 9/7/2012 170 -20
Mill Tailings 01A 11:20 01B 15:45
Combination CML-GC- | 9/5/2012 160 CML-GC- | 9/7/2012 230 +70
Mill Tailings 02A 11:10 02B 15:50
Combination CML-GC- | 9/5/2012 37 CML-GC- 9/7/2012 59 +22
Mill Tailings 03A 11:00 03B 15:55
Combination CML-GC- | 9/7/2012 110 CML-GC- 9/7/2012 160 +50
Mill Impacted 04 10:30 04B 16:00
Soil/Sediment
Combination CML-GC- | 9/7/2012 110 CML-GC- 9/7/2012 110 0
Mill Impacted 05 11:15 05B 16:05
Soil/Sediment
South Fork CML-GC- | 9/7/2012 120 CML-GC- 9/7/2012 170 +50
Lower Willow | 06 12:10 06B 16:10
Creek Stream
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Sample Original Sample from Bulk Waste Sample After Bulk Waste Exposed to Air | pitference in
Location
Sample | Sample Mercury Sample Sample Mercury Mercury
Date/ | Concentration Date/ | Concentration | Concentration
Time (mg/kg) Time (mg/kg) (mg/kg)
Sediment
Former CML-GC- | 9/5/2012 7.4 CML-GC- 9/7/2012 78 +70.6
Reprocessing 07A 10:35 07B 16:15
Avrea Tailings
Former CML-GC- | 9/5/2012 0.47 CML-GC- 9/7/2012 0.94 +0.47
Reprocessing 08A 10:30 08B 16:20
Area Tailings

mg/kg = milligrams/kilogram

3.2.3 Geotechnical Results

The project team collected 11 waste samples during the 2012 repository investigation; including
samples from the Combination Mine waste rock pile, Combination Mill tailings impoundments,
Combination Mill soils and sediments, South Fork Lower Willow Creek sediment, and the
reprocessing area tailings. The sample locations are shown on Figures 2-2 and 2-3. Waste
samples were visually classified (ASTM D2488) in accordance with the Unified Soil
Classification System (USCS), which is included in Appendix G for reference. Each of the
waste samples were submitted to a geotechnical laboratory for analysis of natural moisture
content (ASTM D422). The geotechnical laboratory further classified waste materials by
performing laboratory grain size distribution analyses (ASTM D422) on eight representative
samples, Atterberg limits (ASTM D4318) on three representative fine-grained samples, and
standard Proctor tests (ASTM D698) on seven samples. The classification test results for waste
materials are summarized in Table 3-3. Geotechnical laboratory reports are included in
Appendix E3.

The particle size distribution percentages presented in Table 3-3 are for the material remaining
after cobbles were removed from the respective samples. The standard Proctor results shown in
Table 3-3 for gravelly soils are corrected results. The gravelly soils were screened in the
laboratory to remove particle sizes larger than %-inch; the resulting moisture-density curve was
then corrected to include the over-size fraction (ASTM D4718). Both uncorrected and corrected
moisture-density plots are included in Appendix E3.

Review of the test results in Table 3-3 indicates that the waste materials varied considerably
depending on the specific waste site. Test results by waste area are discussed below:

= The waste rock from the Combination Mine is characterized as cobbly gravel (GP) to
silty gravel with cobbles (GM). Natural moisture content of the three Combination
Mine samples submitted for geotechnical testing varied from 2 to 5 percent. The
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single Combination Mine sample (CMN-GT-01) tested for standard Proctor
compaction had a natural moisture content of 5 percent, which is dry of the standard
Proctor optimum moisture content of 7 percent. This sample has a standard Proctor
maximum compacted dry density of 135 pounds per cubic foot (pcf).

= The samples collected from the Combination Mill tailings impoundments are
characterized as clayey gravel (GC), silty sand (SM) and clayey silt (CL-ML).
Natural moisture content of the three samples varied from 4 to 7 percent. These
moisture contents are dry of their respective optimum moisture content (12 to
20 percent). The maximum compacted dry density for the three samples varies from
103 to 119 pcf. Atterberg limits were performed on two of the samples, CML-GT-01
and CML-GT-03 to determine the moisture contents at which fine grained soils
changes states from semi-solid to plastic (plastic limit [PL]) and from plastic to liquid
(liquid limit [LL]). The Atterberg limits are 23 percent (LL) to 18 percent (PL) for
CML-GT-01 and 45 percent (LL) to 20 percent (PL) for CML-GT-03.

= The soil/sediments collected west of the Combination Mill site are characterized as
silt (ML) and the sediment sample collected downstream along South Fork Lower
Willow Creek is characterized as silty sand (SM). Natural moisture content of the
three samples ranged from 5 to 16 percent. The moisture content for the two samples
on which standard Proctors tests were performed, CML-GT-04 and CML-GT-06, are
dry of their optimum moisture content (24 and 18 percent, respectively). The
maximum compacted dry density is 92 pcf for CML-GT-04 and 100 pcf for
CML-GT-06. The materials were determined to be non-plastic when attempting to
determine Atterberg limits.

= The two waste samples collected at the reprocessing area are both characterized as
lean clay (CL). The natural moisture content was 6 percent for CML-GT-07 and
60 percent for CML-GT-08. Atterberg limits and standard Proctor tests were run on
CML-GT-07. The natural moisture content for this sample is dry of the optimum
moisture content of 16 percent. The maximum compacted dry density is 107 pcf.
The Atterberg limits were 27 percent (LL) and 15 percent (PL).

Natural moisture contents are less than the standard Proctor optimum maoisture content except for
the reprocessing area sample CML-GT-08, which, with a moisture content of 60 percent, was
likely wet of optimum moisture. This natural moisture content for this sample was high due to
significant organic content. Maximum compacted dry densities generally range from 92 to

111 pcf for the fine-grained clayey (CL) or silty (ML) soils, and from 119 to 135 pcf for the
coarse-grained soils.
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Table 3-3. Waste Material Geotechnical Test Results, Black Pine Mine

Atterberg Standard Proctor
Particle Size Distribution, % @ Limits, % Compaction
92 — 0 = o Opt. Max.
e} 2 = « s | S=2| S« | Natural Moisture Dry
Depth USCS § g S 2 %‘E ZE| 8E | moisture | Content | Density
Waste Area Sample (feet) | Symbol © o L i B (%) (%)@ (pcf)
£ g CMN-GT-01 | 4-8 GM 0 | 46 | 38 | 16 - - - 5 7@ 135@
i § x
£> 8 CMN-GT-02 | 5-7.5 GP 0| 92| 5 |3 - - - 2 - -
x
S =
8=
o CMN-GT-03 | 5-8 GM - - - - - - - 5 - -
= CML-GT-01 | 1-2 CL-ML 0 | 11 | 27 | 62 | Yes | 23 | 18 4 15@ 111@
B2 §
£ ¢ CML-GT-02 | 0.5-2 SM 0 | 18 | 52 | 30 - - - 6 209 103@
== 32
€=
O2E CML-GT-03 | 2-3 GC 4 | 39 | 20 | 37 | Yes | 45 20 7 12@ 119@
2 CML-GT-04 | ML 0| 1 | 42 |57 | Yes | NP | NP 5 24 92
® S .o (at mill)
388 |cmicros
cx0E£ 2 0-1 ML - - - - - - - 16 - -
8523 (at mill)
BL38
5E S35 | CML-GT-06
E 2 (Downstream | 0-1 SM 0 0 80 | 20 - NP | NP 6 18 100
ow .
O of mill)
g S _ CML-GT-07 1.5-2 CL 0 0 30 70 Yes 27 15 6 16 107
EES
ZE CML-GT-08 | 1-2 cL - - - - - - - 60 - -
NP - non-plastic Yes - Test was conducted - Not submitted for test
USCS - Unified Soil Classification System
(a) Percent by weight (b) Weight of water as a percentage of the weight of solids.
(c) USCS Symbols: refer to Appendix G (d) Corrected for over-size fraction

(f) Cobbles were removed from samples prior to performing grain size distributions.
(e) Value reported by laboratory (TerraSense LLC) conducting standard Proctor analysis. Original moisture content of 13.4% was reported by Pioneer Technical Services, Inc.
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3.3 Borrow Areas

Test pits were excavated in six potential borrow areas on BPM property and on lands
administered by the USFS (Figure 2-5). The project team collected topsoil and subsoil samples
from the test pits and submitted select samples for analysis of agronomic or geotechnical
parameters to evaluate the suitability of borrow materials for use in repository construction. As
described in Section 2, samples were not submitted for testing from BPBs 11 or 12 due to poor
soils and/or limited quantities of soil. Sample locations are shown on Figures 2-6 through 2-8.

3.3.1 Agronomic and ABA Results

Seventeen surface soil samples were analyzed for agronomic properties from four potential
borrow areas (BPB 1A, BPB2/3, BPB7A, and BPB13). Three of these potential borrow areas
were located adjacent to or overlapping with borrow areas identified and sampled during a
2000 Hydrometrics borrow source investigation (Figure 2-6). Samples were analyzed for
moisture content (ASTM D2974), pH (American Society of Agronomy [ASA] 10-3.2),
conductivity (ASA 10-3.3), nitrogen as nitrate (ASA 33-8), phosphorus (ASA 24-5), potassium
(Environmental Protection Agency [EPA] 6010B), organic matter (ASA 29-3), and cation
exchange capacity (EPA 9081). Results are shown in Table 3-4 and laboratory reports are
provided in Appendix E4.

The following provides a summary of the agronomic analyses and a discussion on how the soil
characteristics may affect current and future plant growth:

= pH is the measure of the acidity/alkalinity of soils and influences other soil chemical
properties. Neutral pH ranges from 6.6 to 7.3 standard units (s.u.) (Munshower
1993). The pH of samples from each of the soil samples was between 4.8 and 7.5,
which is moderately acidic to slightly alkaline. The pH range for the potential borrow
area soils is suitable for the establishment and growth of a lodge pole pine forest and
acceptable for grass communities.

= Conductivity is a measure of the salinity of soil. High conductivity concentrations
may indicate when soil conditions could either limit existing plant growth or impede
revegetation. The conductivity of the soils ranged from 0.1 to 0.5 micromhos per
centimeter (mmhos/cm), which is within a suitable range for establishing vegetation
(Bohn 1979).

= Nitrogen and nitrogen forms such as nitrate and nitrite are essential nutrients for
establishing and maintaining vegetative cover. The nitrate levels in the soil samples
were non-detect (less than 1.0 mg/kg) with the exception of sample BPB2/3-GC-06,
which had a nitrate concentration of 1.1 mg/kg. Applying an organic nitrogen
amendment in a slow release form may be appropriate during revegetation due to low
levels of available nitrogen.
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= Phosphorus is a key nutrient for establishing and maintaining vegetation. Phosphorus
as the phosphate ion is especially important during seedling growth (Munshower
1993). Phosphorus/phosphate levels ranged from 1.0 mg/kg to 49 mg/kg in the
potential borrow area samples, which is in the low to medium range for
phosphorus/phosphate. The existing phosphorous levels should support revegetation.

= Potassium is another essential nutrient that facilitates vegetative growth. The
potassium levels in the soil samples ranged from 118 mg/kg to 480 mg/kg. Soils
containing potassium at or above 120 mg/kg will typically support vegetation (USDA
2009). The existing potassium levels should support revegetation.

= Organic matter stores anions, buffers the soil against rapid changes due to acidity or
alkalinity, and increases the water-storage capacity of the soil. The organic matter in
the soil samples ranged from 0.76 to 9.51 percent. Organic matter levels for each of
the proposed borrow areas for which samples were submitted are adequate and are
typical for mountain soils, which often have only 1 percent organic matter. The
existing organic matter would support revegetation.

= Cation exchange capacity (CEC) is the expression of cation adsorption per unit
weight of soil. Cation exchange is the relationship between cations attracted to and
absorbed on soil colloids at negatively charged sites. Soils can become acidic when
the accumulation rate of hydrogen ions is greater than their removal rate. Samples at
the site had CECs ranging from 6.68 to 34.9 milliequivalents per 100 grams
(meqg/100 g), which are within the range to support vegetation.

In summary, the pH of the soils sampled in the four potential borrow areas is suitable for the
establishment and growth of a lodge pole pine forest and acceptable for grass communities.
Levels of potassium, phosphorous, conductivity, and CEC are within the range to support
vegetation, but nitrogen levels are low. Organic matter levels for the soils sampled at the four
borrow sites are adequate and are typical for mountain soils.
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Table 3-4. Potential Borrow Areas Agronomic Results, Black Pine Mine

. . Conductivity, Nitrate Olsen, Available Organic Cation
Location Moisture pH, Saturated . Exchange
Saturated Paste (mg/kg, | Phosphorous-Olsen | Potassium Matter, .
(wt %) Paste (s.u.) (mmbhos/cm) dry) (mg/kg) (mg/kg) WB, % Capacity
' (meg/100g)
BPB1A-GC-01 7.4 53 0.2 <1 20 246 9.06 23.4
BPB1A-GC-02 3.6 5.6 0.1 <1 49 262 2.51 15.1
BPB1A-GC-03 6.1 5.4 0.2 <1 13 118 9.51 16.7
BPB1A-GC-04 12.2 5.0 0.1 <1 5 480 3.75 14.7
BPB2/3-GC-01 3.1 5.6 0.5 <1 20 127 2.29 7.16
BPB2/3-GC-02 4.6 5.9 0.5 <1 29 129 1.95 9.90
BPB2/3-GC-03 4.7 6.0 0.4 <1 30 292 9.51 23.1
BPB2/3-GC-04 10.8 5.8 0.1 <1 15 289 9.06 34.9
BPB2/3-GC-05 53 54 0.3 <1 30 224 4.22 13.1
BPB2/3-GC-06 3.4 5.6 0.2 1.1 16 217 4.65 17.7
BPB7A-GC-02 7.0 5.1 0.1 <1 44 219 4.40 18.7
BPB7A-GC-03 2.5 4.8 0.3 <1 3 206 1.11 6.68
BPB7A-GC-04 4.2 5.4 0.1 <1 7 137 1.91 115
BPB13-GC-01 6.8 5.6 0.2 <1 1 217 2.01 14.2
BPB13-GC-02 4.0 55 0.1 <1 4 139 0.76 8.60
BPB13-GC-03 7.8 5.0 0.2 <1 30 367 4.47 21.2
BPB13-GC-04 6.3 55 0.1 <1 8 269 0.82 14.1
Notes: samples were collected from surface soils
g - gram

meq/100g - milliequivalents per hundred grams
mg/kg — milligrams per kilogram

mmbhos/cm - micromhos per centimeter

s.u. — standard units

WB - Walkley-Black method

wt % - percent by weight
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Four of the 17 potential borrow area samples, BPB7A-GC-02, BPB2/3-GC-04, BPB1A-GC-02,
and BPB13-GC-01, were also analyzed for ABA-related parameters. The results from the ABA
analyses are tabulated in Table 3-5. The analytical reports are included in Appendix E4. The
results are summarized below:

= Sulfur levels in each of the four samples were <0.01 percent.

= The acid potential was calculated at <0.3 tons per 1,000 tons (t/1000t) in each of the
four samples.

= Neutralization potential ranged from 2 t/1000t in BPB7A-GC-02 to 8 t/1000t in
BPB2/3-GC-04.

= The lime requirement was calculated at 2 t/1000t in BPB13-GC-01 to 11 t/1000t in
BPB7A-GC-02.

= Acid base potential or net neutralization potential ranged from 2 t/1000t in
BPB7A-GC-02 to 8 t/1000t in BPB2/3-GC-04.

The acid base potential or net neutralization potential for each of the samples falls within the
-20 metric t/1000t to +20 metric t/1000t, which is considered to have uncertainty and the
potential to generate acid exists (EPA 1994). The ABA results were similar across the borrow
areas. The ABA results in the borrow area samples are within the range to support use of the
borrow area soils as cover soils.

3.3.2 Geotechnical Results

The project team collected 25 subsurface, composite soil samples from the six potential borrow
areas. Sample locations are shown on Figures 2-6 through 2-8. Two test pits associated with the
proposed repository area, RY-SS-11 and RY-SS-12, also fell within the footprint of BPB7A.

The sample location nomenclature from the RIWP and field investigation used the RY
designation and that designation has been retained for the samples collected from these two test
pits. The results for these samples are discussed with other repository samples in Section 3.4 and
are not included in the following discussion.

Each of the potential borrow area soil samples were visually classified (ASTM D2488) in
accordance with the USCS. Eight, fine-grained soil samples were selected for further
classification to evaluate the suitability of these soils as repository cover or bottom liner material
(if incorporated into the repository design). These eight samples were submitted to Pioneer
Technical Services (Pioneer)for analysis of natural moisture content (ASTM D2216) and grain
size distribution (ASTM D422). Pioneer also performed Atterberg limits (ASTM D4318) for six
of the samples. Soil classification test results for samples from the potential borrow areas are
summarized in Table 3-6. Geotechnical laboratory reports are included in Appendix E3.
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Particle Size Distribution, % @ Atterberg
Limits, %
g - E = Natural
[«5) (5] [72]
= s % £ - é Moisture
Borrow Depth uscs 3 ol ? - = 2 | Content, %
Pit I.D. Sample (feet) | Symbol © - e ®
BPB13-GT-01 0.5-16.5 CL 0 7 34 59 29 16 22
0 BPB13-GT-02 0.5-15 GM - - - - - - -
@
o
m BPB13-GT-03 0.5-16 SM - - - - - - -
BPB13-GT-04 0.5-13.5 SC 0 18 37 45 36 23 21

- Test not performed

USCS - Unified Soil Classification System

(a) Percent by weight

(b) Weight of water as a percentage of the weight of solids.

(c) USCS Symbols: refer to Appendix G

(d) Cobbles were removed from samples prior to performing grain size distributions.

(e) The boundaries of the Repository 2 Area, Layout 3 and BPB7A overlapped at the sample location. Sample nomenclature honors
the sample name identified in the RIWP and the field. Results are included in Table 3-9.

Standard Proctors were not run on the potential borrow area soils due to field observations of
beneficial soil types and quantity in the proposed repository area. However, natural moisture
contents were estimated to be at or below standard Proctor optimum moisture contents except for
soil samples from BPB13, which had natural soil moisture contents estimated to be higher than
the optimum moisture content.

In summary, the potential borrow area soil materials consisted of coarse-grained sands and
gravels with varying amounts of silt and lean clay. Sufficient fine-grained materials for possible
use in a repository cover or liner were present at BPB1A, BPB7A, and BPB13. Soil samples
from BPB7A, adjacent to the proposed repository, and BPB13 contained significant quantities of
fine-grained material. However, the location of BPB7A is better due to the close proximity to
the proposed repository as compared to that of BPB13.

3.4 Repository Area

Investigation activities in the repository area were focused on assessing the depth of overburden
and rippable materials relative to excavation of a potential repository; assessing the depth to and
character of bedrock underlying the repository; assessing groundwater levels and quality; and
checking for shallow underground mine workings. Five boreholes were drilled and 10 test pits
were excavated to assess the conditions in the repository area. The borehole and test pit
locations are shown on Figure 2-9.
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3.4.1 Agronomic Results

Soil samples from the repository area were not submitted for agronomic analysis during the
repository investigation. However, three surface soil samples and one subsurface soil sample
from or near the proposed repository area were collected during the 2011 RI and submitted for
agronomic analyses. Samples were analyzed for moisture content (ASTM D2974), pH

(ASA 10-3.2), conductivity (ASA 10-3.3), nitrogen as nitrate (ASA 33-8), available phosphorus
(ASA 24-5), total potassium (EPA 6010B), organic matter (ASA 29-3), and cation exchange
capacity (EPA 9081). Results from the three surface soil samples and the shallow subsurface
soil sample are summarized in Table 3-7. Complete results are included in Appendix B-12 of the
RI Report (Herrera/Trihydro 2012a).

The following provides a summary of the agronomic analyses and a discussion on how the soil
characteristics may affect current and future plant growth:

= The pH of the four soil samples ranged from 5.8 to 7.5. The soils range from
moderately acidic to slightly alkaline. The soil pH is suitable for plant growth
(Munshower 1993).

= The conductivity of the soils ranged from 0.067 (estimated) to 0.27 mmhos/cm,
which is within a suitable range for establishing vegetation (Bohn 1979).

= The nitrate levels in the soil samples were not detected (less than 5.0 mg/kg). With
low levels of nitrogen available, applying an organic nitrogen amendment in a slow
release form may be appropriate during revegetation.

= Phosphorus/phosphate levels ranged from 2.8 to 7.1 mg/kg in the samples, which is in
the low range for phosphorus/phosphate.

= The potassium levels in the soil ranged from non-detect to 86 (estimated) mg/kg.
Soils containing potassium at or above 120 mg/kg will typically support vegetation
(USDA 2009).

= The organic matter ranged from 0.15 to 3.1 percent. The existing organic matter
likely would support revegetation with the exception of the RY-SS-03 area.

= Samples at the site had a CEC ranging from 11.2 to 14.1 meq/100g, which places the
CEC in the medium to high range (Munshower 1993).
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Table 3-7. Repository Area Agronomic Results®, Black Pine Mine

Conductivity, Nitrate Olsen, Total Organic Cation

Location Depth Collection Moisture | pH, Saturated Phosphorous- . Exchange
Saturated Paste | (mg/kg, Potassium Matter, .

(feet) Date (wt %) Paste (s.u.) T i Olsen (i) WB. % Capacity

(mg/kg) ' (meg/100g)
RY-SS-03 0-1 7/12/2011 10.5 7 0.067J ND(5) 7.1 ND(174) 0.35 14.1
RY-SS-04 0-1 7/12/2011 14.7 7 0.141 ND(5) 5.3 ND(180) 3.1 21.1
RY-SS-04 2-4 7/12/2011 9.5 5.8 0.1J ND(5) 3.2 ND(334) 0.15 13.5
MW-RY-08 0-05 8/17/2011 8 7.5 0.27 ND(5) 2.8 86 J 2.4 11.2

(a) Results are from the Reclamation Investigation Report (Herrera/Trihydro 2012, Appendix B-12)
g-gram

J — Estimated concentration

meq/100g - milliequivalents per hundred grams

mg/kg — milligrams per kilogram

mmhos/cm - micromhos per centimeter

ND() — Analyte was not detected (reporting limit)

s.u. — standard units

WB - Walkley-Black method

wt % - percent by weight
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In summary, the pH of the soil samples from the repository area is suitable for plant growth.
Conductivity and CEC are within acceptable ranges, but levels of nitrate, phosphorous, and
potassium are low. Soils from the repository area would require amendments to increase these
levels. The area in the vicinity of RY-SS-03 should be eliminated as a candidate for cover soil
due to limited organic matter.

Soil samples from the repository area were not submitted for analysis of ABA-related parameters
during the repository investigation. However, six soil samples collected from three locations in
or near the proposed repository area were collected during the 2011 RI and submitted for ABA
analyses. Results from the three surface soil samples and the shallow subsurface soil sample are
summarized in Table 3-8. Complete results are included in Appendix B-12 of the Rl Report
(Herrera/Trihydro 2012a):

= Sulfur levels in the samples were <0.05%.

= The acid potential was calculated at <4.3 t/1000t to 0.2 t/1000t.

= Neutralization potential ranged from 2.4 t/1000t to 7 t/1000t.

= The lime requirement was calculated at <5.4 t/kt to 7 t/kt.

= Acid base potential or net neutralization potential ranged from 2.4 t/kt to 7 t/kt.

The acid base potential or net neutralization potential for these soil samples falls within the
-20 t/kt to +20 t/kt, which is considered to have uncertainty and the potential to generate acid
exists (EPA 1994). The range of ABA results indicates the surface soils in the proposed
repository area could be re-used as cover soils. Lime amendments, if necessary, are low and
would require a maximum of 7 tons of lime for every 1,000 tons of soil.

3.4.2 Geotechnical Results

The project team collected 17 soils samples from repository test pits during the field
investigation. The sample locations are shown on Figure 2-9. Soil samples were visually
classified (ASTM D2488) in accordance with the USCS. Each of the samples, with the
exception of the sample collected from RY-SS-08, were submitted to Pioneer for analysis of
natural moisture content (ASTM D2216). Soil samples were further classified by performing
laboratory grain size distribution analyses (ASTM D422) on 10 representative samples,
Atterberg limits (ASTM D4318) on six fine-grained samples, and standard Proctor tests (ASTM
D698) on four samples. A senior geotechnical engineer selected the soil samples to be submitted
for testing to target those material types, based on visual classification, which would provide the
most benefit as borrow materials during construction of a repository. Geotechnical test results
for proposed repository area samples are summarized in Table 3-9. Geotechnical laboratory
reports are included in Appendix E3.
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Table 3-9. Repository Area Geotechnical Test Results, Black Pine Mine

Atterberg Limits, Standard Proctor
Particle Size Distribution, % © % Compaction
© - . - o Natural Opt.
re) > 'c% é _g % g‘é 7 ‘é Moisture Moisture
Sample Uscs S ) n o £ E| 33 T O | Content, % Content Max. Dry
Sample Depth (ft) | Size Symbol © ®) (%)© Density (pcf)

RY-5S-06 0-4 Bulk ML - - - - - - - 8 - -
RY-SS-06 4-7 Bulk GM 35 | 393 | 17.2 40 Yes - - 7 - -
RY-SS-07 5-13 Bulk GM 0 48 20 32 Yes 25 18 8 g@ 131@
RY-SS-07 9-13 Bulk GM 0 47 13 40 NP NP 13 - -
RY-5S-08 1.3-7 Bulk GM - - - - - - - - - -
RY-SS-09 2 Bag GM - - - - - - - 3 - -
RY-5S-09 4-6 Bulk GP 0 53 22 25 3 - -
RY-SS-10 4 Bag GC - - - - - - - 14 - -
RY-SS-10 10 Bag CL - - - - - - - 11 - -
RY-SS-10 14-16 Bulk GC 10 426 | 148 | 326 | Yes 35 15 8 g 133@
RY-5S-11¢® 2.5-4 Bulk GC 0 35 16 49 13 9@ 127@
RY-5S-11¢® 6-8 Bulk GC 8 46 18 28 Yes 28 17 11 - -
RY-SS-120) 15-17 Bag GC 3 47 14 36 Yes 28 15 10 - -
RY-SS-13 2-5 Bulk GM 8 63 15 14 - - - 4 5@ 1419
RY-SS-14 2-3 Bulk GP 19 79 1 1 - - - 3 - -
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Atterberg Limits, Standard Proctor
Particle Size Distribution, % © % Compaction
Natural Opt.
] ro . ) ) . .
2 S ° g | Sg 2 = 2 = Moisture Moisture
=] (5] =] =
Sample USCS 38 5 & T T E -5_ | § | Content, % Content Max. Dry
Sample Depth (ft) | Size Symbol © () (%)© Density (pcf)

RY-SS-15 2-4 Bulk ML - - - - - - - 12 - -
RY-SS-15 12 Bag CL - - - - - 38 19 14 - -
NP - non-plastic Yes — hydrometer test was conducted - Test not performed
USCS - Unified Soil Classification System
(a) Percent by weight (b) Weight of water as a percentage of the weight of solids.
(c) USCS Symbols: refer to Appendix G (d) Corrected for over-size fraction

(e) The boundaries of the Repository 2 Area, Layout 3 and BPB7A overlapped at the sample location. Sample nomenclature honors the sample name identified in the RIWP and the field.
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The standard Proctor results shown in Table 3-9 for gravelly soils are corrected results. The
gravelly soils were screened in the laboratory to remove particle sizes larger than %-inch; the
resulting moisture-density curve was then corrected to include the over-size fraction (ASTM
D4718). Both uncorrected and corrected moisture-density plots are included in Appendix E3.

Review of the test results indicate that the soils generally consist of sandy gravels with varying
amounts of silt or lean clay (GP, GM, GC). Natural moisture contents ranged from 3 to 14
percent and were at or slightly wetter than standard Proctor optimum moisture content.
Maximum compacted dry densities varied from 127 pcf to 141 pcf.

Based on observations during drilling and test pitting, and on laboratory test results, there are
soils containing clay (CL, GC) underlying the northwest portion of the proposed repository area
and extending downslope into BPB7A (Figure 3-2). These clayey materials may be appropriate
for use in constructing low permeability layers for the repository. The depth to the clayey
materials ranges from 2.5 feet (RY-SS-11, RY-RB-05, and MW-RY-06) to more than 7 feet
(RY-SS-12). The thickness of these clayey materials, represented by the isopachs on Figure 3-2,
ranges from 4 feet (RY-SS-07) to more than 15 feet (MW-RY-06, MW-RY-07 and RY-SS-10).
The clayey material extended beyond the reach of the excavator in test pits

Additional testing was performed on clayey gravel samples from RY-SS-10 (14 feet to 16 feet
bgs) and RY-SS-11 (6 feet to 8 feet bgs) to better understand the potential for using this material
in constructing a repository cap or other low-permeability zones. A total of seven CUX tests
with pore water pressure measurements (ASTM D4767) were performed on reconstituted soil
samples. The test samples were scalped of ¥z inch and larger gravel to create a clayey sand with
gravel (SC) sample and a lean clay (CL) sample. Each sample was remolded at near optimum
moisture content to 95 percent of standard Proctor maximum dry density (ASTM D698). The
samples were saturated and isotropically consolidated to a prescribed stress level before
performing a constant head permeability test. Upon completion of the permeability test, the
samples were sheared to failure in undrained conditions while measuring axial deformations and
sample pore water pressures. The results of the CUX and permeability testing are summarized in
Table 3-10. Individual CUX test plots are provided in Appendix E3.

The measured effective Mohr-Coulomb shear strength envelopes and permeabilities of the
reconstituted samples are summarized in Table 3-11.
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Table 3-10. Repository Isotropically Consolidated Undrained Triaxial and Permeability Test Results, Black Pine Mine

Initial Conditions After Consolidation At Failure
E Effective Dry
% | Sample Confining | Water Unit Water | Dry Unit Deviator
* | Depth Test | Pressure | Content | Weight | Void | Content | Weight | Void | Permeability | Stress® | @ | p’®@
(feet) USCS | No. (psf) (%) (pcf) Ratio (%) (pcf) Ratio (cm/sec) (psf) (psf) | (psf)
1 1541 11.0 113.4 | 0.442 15.6 115.1 0.421 2.50E-06 1310 655 | 1130
o
; 2 2880 11.4 113.4 | 0.442 14.4 118.2 0.384 - 1944 972 | 2671
7 14-16 | CL @
E 3 6106 11.4 112.8 | 0.450 13.6 119.5 0.368 2.00E-08 3701 1850 | 5248
4 2491 10.9 113.6 | 0.440 14.6 118.2 0.383 - 1642 821 | 1901
= 1 4997 12.7 110.7 | 0.522 16.5 114.7 0.470 4.60E-07 5275 2638 | 4912
? 6-8 sc® 2 994 12.7 1109 | 0.520 17.1 113.9 | 0.480 | 1.00E-06 2515 | 1258 | 2006
>
o 3 2420 12.8 110.0 | 0.533 17.9 114.0 0.479 1.90E-07 2611 1306 | 2271

- Test not performed

cm/sec — centimeters per second

pcf — pounds per cubic foot

psf — pounds per square foot

USCS - Unified Soil Classification System

(a) Original bulk soil sample was clayey gravel (GC). Test sample was scalped of +1/2 inch gravel to create RY-SS-10 triaxial specimens of sandy clay (CL) and RY-SS-11 triaxial
specimens of clayey sand with gravel (SC).

(b) Deviator stress - maximum principal stress difference at maximum principal stress ratio

(¢) q-%principal stress difference

(d) p’ - average effective principal stress
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Table 3-11. Summary of Triaxial Test Shear Strength Envelopes and Permeabilities,

Black Pine Mine

Effective Mohr-Coulomb
Strength Envelope

Total Mohr-Coulomb
Strength Envelope

Cohesion Friction
Depth Intercept angle Cohesion Friction Permeability
Test Pit (feet) USCS (psf) (degrees) Intercept angle (cm/sec)
(psf) (degrees)

RY-SS-10 2.0x10® to
14 - 16 CL 282 17 166 12 2 55107

RY-SS-11 1.9x107 to
6-8 SC 226 30 495 16 1.0x10°

psf — pounds per square foot
USCS - Unified Soil Classification System

cm/sec — centimeters per second

3.4.3 Rock Core Analysis

Bedrock was cored as part of the investigation of the geologic and hydrogeologic conditions at
the proposed repository (Figure 2-9). Bedrock coring was completed in four of the five
boreholes. Bedrock was not encountered in RY-RB-04 until a depth of 120 feet bgs and was not
cored because the depth of the borehole was greater than originally planned in the RIWP and
sufficient casing was not available. The extent of fracturing, existence of thin stratified layers,
evidence of bedrock faulting, signs of iron staining, and the possibility of shallow or unknown
mine workings were evaluated.. Due to the number of faults observed on the geological mine
maps and referenced in geological descriptions of the BPM, the degree of faulting is critical to
evaluating the suitability of the proposed repository site.

A senior geological engineer used two methods to evaluate the recovered bedrock cores:

1. Rock Quality Designation Index (RQD). The RQD provides a quantitative estimate of
in-situ rock mass quality from recovered bedrock core. RQD only represents the degree
of fracturing of the rock mass. RQD does not account for the strength of the rock or
mechanical and other geometrical properties of the joints. The RQD is calculated as the
percentage of the sum of recovered intact core pieces greater than or equal to 4 inches in
length divided by the length of the core run. Breaks in the core that result from the
drilling process or handling are not included in the RQD calculation. The rock quality
description is based on the following calculated percentages:
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Amount of Recovered Intact Core Rock Quality Designation

0 — 25 percent very poor
25 — 50 percent poor

50 — 75 percent fair

75 — 90 percent good

90 — 100 percent excellent

2. Rock Mass Rating (RMR). The second method used to evaluate rock quality is a RMR
method (Hoek 2007). RMR evaluates the rock quality based on the number, roughness,
and alteration of joints, as well as additional factors related to the degree of water inflow
and zones of weakness. As expressed by Hoek (2007), the number, roughness, and
alteration of the joints “appear to play a more important role than [joint] orientation,
because the number of joint sets determines the degree of freedom for block movement
(ifany)....”

An estimate of a final RMR value would need to be based on more than five boreholes
and would need to be correlated to underground mining rock stability (e.g., rock bolting
requirements of the roof and walls), which are not available for this site. However, the
RMR parameters are useful in identifying potential problem intervals in the bedrock that
may require additional investigation and/or engineering consideration. For the cores
from the proposed repository site, values were assigned for the number (joint set number
[Jn]), roughness (joint roughness number [J;]), and alteration (joint alteration number,
[Ja]) of the joints based on the grading system used in the Tunneling Quality Index, Q
(Hoek 2007). This grading system is provided in Appendix G. These values (J,, J; and
Ja) are included on the core drill logs in Appendix D. The joint water reduction factor
(Jw), and the stress reduction factor (SRF), were not evaluated. Insufficient information
exists to estimate values for those two factors. In the case of the joint water reduction
factor, little to no groundwater was observed while drilling, precluding calculation of this
factor.

Overall, the bedrock at the proposed repository can be described as fractured. The layers of
bedrock were not observed to repeat within borehole locations. This indicates that the bedrock
underlying the site is not thrust faulted (low angled faults that create repetition of beds with
depth in a borehole). The bedrock contained a few vugs (small cavities). Occasional thin zones,
up to 6 inches in thickness, of finely laminated argillite were identified within the quartzite in
boreholes RY-RB-01 and RY-RB-02. Slickensided (polished and striated surface created by
sliding of rock surfaces against each other, generally as a result of faulting) fractures generally
were not observed. However, one slickensided face was observed in a fracture in RY-RB-02 and
slickensided fracture faces were observed in RY-RB-03. Although slickensided features can be
an indication of vertical shearing, the observation of isolated sheared areas is not cause for
concern for the repository site. An oxidized sulfide ore layer was observed in RY-RB-03 (7 feet
to 11.5 feet bgs), which could create ARD if exposed. RY-RB-03 also contained metalliferous
veinlets and veins likely associated with the Combination Vein that extends into the proposed
repository area (Figure 3-3). The bedrock was also observed to have poorer rock quality within
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brownish yellow-colored layers. The brownish yellow color appears to indicate that these layers
have been subjected to alteration and stresses that decrease the rock quality of the layers and
allow groundwater to flow through preferential flow paths (i.e. the fractures).

Detailed evaluation of the bedrock cores for each borehole are provided in Appendix D. These
evaluations include the overall bedrock quality in terms of the RQD and the RMR parameters
(number of joints, joint roughness, and degree of alteration) over various depth intervals for each
borehole. Some of these intervals extend over tens of feet; however, the RQD and RMR values,
as well as photographs of the core, are shown every few feet on the core drill logs (Appendix D).
Review of the core drill logs and the Tunneling Quality Index grading system (Appendix G), in
parallel with the core evaluations aids in the understanding of the bedrock quality descriptions.
An assessment of the suitability of the area for a repository, based on the bedrock quality, is
provided in Section 4.1.1.

3.4.4 Groundwater

The presence or absence of groundwater or perched water was noted during the
installation/excavation of test pits, boreholes, and monitoring wells in the proposed repository
area. A summary of groundwater-related information corresponding to these subsurface
investigations is provided in Table 3-12. Groundwater has not been observed during subsurface
investigations, with the exception of a small seep in test pit RY-SS-04, minor infiltration (less
than 1 gpm) in boreholes RY-RB-01 and RY-RB-02, and static water in monitoring well
MW-RY-07. Fluid level measurements have been measured periodically in repository area
monitoring wells and transducers were installed in MW-RY-07 and MW-RY-09 to continuously
record groundwater levels, if any. Groundwater samples collected from MW-RY-07 in May and
September 2012 were submitted for analysis of laboratory parameters and dissolved metals.
Field observations of the presence or absence of groundwater, fluid level measurements, and
groundwater analytical results are discussed in the following subsections.

3.4.4.1 TestPits

As noted in Section 3.1.2, groundwater was not observed in test pits excavated during the 2012
repository investigation. Moist soils were noted in the test pits, but defined seeps from the
excavation walls were not observed. Damp soils were noted throughout the full depth of test pit
RY-SS-03, excavated during the 2011 RI. A wet soil zone was observed at 2.75 feet bgs in test
pit RY-SS-04, also excavated during the 2011 RI. This test pit is located north of the northern
perimeter of the proposed repository along the overhead power line road. Another, unnamed test
pit was excavated during the 2011 RI between test pit RY-SS-04 and monitoring well
MW-RY-07. The wet zone encountered in RY-SS-04 was confirmed in this unnamed test pit
(Herrera/Trihydro 2012a).
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3.4.4.2 Boreholes

Groundwater was only observed while coring boreholes RY-RB-01 and RY-RB-02. While
coring RY-RB-01, groundwater slowly infiltrated into the borehole at a depth of approximately
38 feet bgs. During coring of RY-RB-02, groundwater slowly infiltrated the borehole at depths
ranging from approximately 30 feet to 43.5 feet bgs. In both boreholes, the groundwater flow
into the boreholes was estimated at less than 1 gpm. The boreholes were backfilled immediately
after coring and a static water level was not measured.

3.4.4.3 Monitoring Well Fluid Levels

Three shallow monitoring wells (MW-RY-06, MW-RY-07, and MW-RY-08) were installed in
August 2011 as part of the RI to investigate shallow groundwater, if any, in the proposed
repository area. A fourth, deeper monitoring well (MW-RY-09) was installed during January
2012 to evaluate separation of the base of the proposed repository area from groundwater.
Monitoring wells MW-RY-06 and MW-RY-07 are screened from 3 to 13 feet bgs, MW-RY-08
is screened from 3 to 9 feet bgs, and MW-RY-09 is screened from 10 to 30 feet bgs
(Herrera/Trihydro 2012a). Groundwater was not detected during drilling, immediately following
completion of the wells, or during subsequent monitoring in November 2011. Transducers were
installed in MW-RY-07 and MW-RY-09 in January 2012.

Groundwater was not detected in monitoring wells MW-RY-06 or MW-RY-08 during fluid level
monitoring events in April and September 2012. Groundwater also has not been detected in
MW-RY-09 during fluid level monitoring events or in transducer data collected between January
2012 and April 2013.

While groundwater was not observed in MW-RY-07 immediately following installation in
August 2011 or in November 2012, groundwater has been detected in subsequent fluid level
measurements. The fluid level in MW-RY-07, based on transducer readings from January 2012
through April 2013, is shown on Figure 3-4. This figure also includes fluid levels noted during
field monitoring events in April and September 2012. The transducer reading is approximately
0.2 feet higher than the gauged fluid level, which could be due to inaccuracy in the stated
transducer depth or inaccuracies with the field water level meter. The elevations shown on the
figure are approximate, as the well has not been surveyed. The top of casing for the well is
approximately 3 feet above the ground, so the depth to water below ground is approximately 3
feet less than the depth to water relative to top of casing shown on Figure 3-4 (e.g., on May 2,
2012, the depth to water was approximately 10.04 feet bgs).

Approximately 3 feet of water was detected in MW-RY-07 during fluid level gauging on May 1,
2012. As discussed in the RIWP, the fluid level in MW-RY-07 had increased slowly and
linearly, and did not appear to indicate a response to snowmelt or runoff. The increase in fluid
level could be a result of groundwater flowing on top of a clay layer that was encountered from
4 to 9 feet bgs (Herrera/Trihydro 2012b).

Groundwater levels in MW-RY-07 have ranged from approximately 12.0 feet bgs to 8.7 feet bgs.
Groundwater was measured at 11.86 feet below top of casing (btoc) or approximately 8.86 feet

December 16, 2013 60 Herrera Environmental Consultants



bgs in MW-RY-07 on September 6, 2012. The groundwater level measured in MW-RY-07 in
September 2012 is approximately one foot higher than the level measured in May 2012. Because
the well was bailed during sampling in May 2012, this level is indicative of groundwater flowing
into the well between May and September 2012. Groundwater may be flowing into the well
from a zone above the measured groundwater level. The groundwater level in the well may be a
function of the seasonal recharge within this water-producing zone and the lower permeability of
the underlying zones. If this is the case, groundwater is able to seep into the well above the
measured water level faster than it is able to seep back out of the well in the underlying, lower
permeability zone. The groundwater level in MW-RY-07 should not be perceived as a typical
static groundwater level in the repository area.

Precipitous decreases in the groundwater levels shown on the plot of transducer data reflect
bailing associated with sampling events (Figure 3-4). The reason for the increase in groundwater
level of 0.87 feet on October 16, 2012 is unclear at this time. There was no obvious physical
damage to the well or the transducer system during the downloading of data in April 2013 that
might explain the increase. There was a local precipitation event of approximately 0.3 inches
between October 16™ and 17", 2012, but similar precipitation events experienced at the site did
not result in similar jumps in water level.

The fluid level in the well slowly decreased from October 2012 through April 2013. The most
likely explanation is that seepage out of the well exceeds the inflow into the well over the winter
season when the inflows are probably lower than experienced from May through September.
Increases in fluid level would be expected with the onset of spring snowmelt and recharge of the
water bearing zone above the noted clay layer.

3.4.4.4 Analytical Results

Samples were collected from groundwater in MW-RY-07 in May and September 2012, and
submitted for analysis of laboratory parameters and dissolved metals. Analytical results are
compared against the Circular DEQ-7 HHS for groundwater in Table 3-13. Laboratory reports
are included in Appendix E2.

Metals were not detected in the groundwater samples above the HH standards, except for
manganese. The detected manganese concentration exceeded the HH standard

(50 micrograms/liter [ug/1]) in both the May (737 pg/l) and September (100 pg/l) samples. The
concentration in the sample collected during September was lower than in the sample collected
in May, but as these are the first two groundwater samples collected from the well it is not
possible to determine if a concentration trend exists. The detected manganese concentrations
were substantially higher than the range of manganese concentrations in samples collected from
the downslope surface water sample location MCSP-1. Concentrations in surface water samples
collected from this location have ranged from non-detect at a reporting limit of 5 pg/l (May
1998) to 15.4 pg/ (June 2011).
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Table 3-13. Repository Area Groundwater Analytical Results, Black Pine Mine

Date Hardness Alkalinity to
Location | Sampled | Units | as CaCO3 | Sulfate Acidity pH 4.5, Total | Antimony Arsenic | Barium | Cadmium | Calcium | Chromium | Copper
Circular DEQ-7 HHS® | ug/I NS NS NS NS 6 10 1,000 5 NS 100 1300
MV\(’)}RY' 5/03/2012 | pg/l | 68,400® | 51,000 14 42 ND(20) | ND(20) | 53 ND (2) NA ND (10) (%))
MWRY" | ai07r2012 | gt | 84,000 | 71,000 NA NA ND (1) ND (1) 70 | ND(0.08) | 21,000 | ND(5) | ND(5)
MW-RY-
07 9/07/2012 | pgl/l 83,000 | 74,000 NA NA ND (1) ND (1) 70 ND (0.08) | 21,000 ND(5) | ND(5)
Duplicate
Date Mercury Mercury
Location | Sampled | Units Iron Lead | Magnesium | Manganese | (Dissolved) (Total) Nickel | Potassium | Silver Sodium Zinc
Circular DEQ-7 HHS® pa/l 300 15 NS 50 2 NS 100 NAP 100 NAP 2,000
MWRY | 510372012 | pgt | ND(50) | ND(3) NA 737 ND (0.2) 0.27 (Nzc[))) NA | ND(10) NA 1.25
MV\(’)}RY' 9/07/2012 | pgl/l 70 ND (1) 8,000 100 ND (0.1) NA ND (5) 3,000 ND (1) 17,000 50
MW-RY-
07 9/07/2012 | pg/l | ND(30) | ND (1) 8,000 87 ND (0.1) NA ND (5) 3,000 ND (1) 17,000 40
Duplicate
Mg/l — micrograms per liter

NS — A standard has not been adopted

NA - Not Analyzed

ND () — Analyte was not detected (reporting limit)
(a) Human Health Standards (HHS) for Groundwater, Circular DEQ-7, Montana Numeric Water Quality Standards (DEQ 2012)

(b) Total Hardness

Bold, highlighted values exceed HHS values
Laboratory reported values in mg/l have been converted to ug/l for this table
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Antimony and arsenic were not detected in samples collected in May and September 2012.
However, the reporting limit for both antimony and arsenic (20 pg/l) for the May 2012 sample
was higher than the HSS standards (6 pg/l and 10 pg/l, respectively).

Sulfate and acidity levels are relatively low and the field-measured pH of approximately 6.5 is in
the neutral range. These results suggest a low likelihood for significant ARD within the current
water-bearing zone. However, alkalinity is also low, which suggests that there is relatively low
buffer capacity available if conditions were to change.

3.5 Field Quality Assurance/Quality Control Samples

The project team collected the following quality assurance/quality control (QA/QC) samples
during the Repository Investigation:

= Two equipment rinsate blank samples for total recoverable metals, one from a spoon
and the second from an excavator bucket.

= An aqueous field duplicate sample (Field Duplicate) of sample MW-RY-07.

Duplicate samples of debris for TCLP analysis, or samples of tailings, soils, and sediments for
analysis of total recoverable mercury were not specified in the RIWP and were not collected.
Duplicate samples, which are not typically collected for geotechnical testing, also were not
proposed in the RIWP, and were not collected during the repository investigation.

The project team collected equipment rinsate blank samples from a soil sampling spoon and an
excavator bucket as described in Appendix A. The samples were submitted for analysis of total
recoverable metals, including Antimony, Arsenic, Barium, Cadmium, Chromium, Copper, Iron,
Lead, Manganese, Mercury, Nickel, Silver, and Zinc. The results are included in the
groundwater laboratory report in Appendix E2. There were no detections of total recoverable
metals, including mercury, in the spoon rinsate blank. There were isolated detections of total
recoverable metals in the excavator bucket rinsate blank at or near the reporting limit. However,
mercury was not detected in the excavator bucket rinsate blank. These blank detections did not
affect the total recoverable mercury results.

Field precision is one criterion for evaluation of data quality. Precision is the measure of
variability between sample measurements and is used to evaluate the reproducibility of the
analytical data. Relative percent difference (RPD) between field duplicate pairs is used as the
measure of precision and is defined as the difference between the primary and duplicate samples
divided by the mean and expressed as a percentage. The upper limit for acceptable field
duplicate RPDs in water samples is 30 percent (EPA 1996). In cases where both compounds are
detected at concentrations less than two times the detection limit, the precision goals are not
applicable (EPA 1996). The applicable RPDs of the field duplicate sample for MW-RY-07 are
shown in Table 3-14. All field duplicate RPD results were within the data validation QC limits.
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Table 3-14. Relative Percent Difference for Groundwater Duplicate Sample Pair, Black

Pine Mine
Location Units | Barium | Calcium | Magnesium | Manganese | Potassium | Sodium | Zinc
MW-RY-07 pg/l 70 21,000 8,000 100 3,000 17,000 50
MW-RY-07
. pg/l 70 21,000 8,000 87 3,000 17,000 | 40
Duplicate
Relative Percent
.IV percent 0 0 0 13.9 0 0 22.2
Difference

Mg/l — micrograms per liter

Based on the evaluation, the data are acceptable for use in the repository investigation.
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4.0 Repository Evaluation and Preliminary Design

4.1 Geology, Hydrogeology, and Mine Workings

The geology and hydrogeology of the proposed repository area appear suitable to support
development of a repository. Similarly, the underground mine workings in the area do not
appear to affect the suitability of the site, although they will be considered during design of the
repository.

4.1.1 Geology

41.1.1 Bedrock

Normal faults have been noted in the mine area and near the proposed repository area

(Figure 4-1), but are obscured at the surface. This characteristic suggests that either the faults
have been inactive for a significant period, allowing soil to develop over them, or the faults do
not extend to the surface. The displacements of these faults are considered to be minimal
(Herrera/Trihydro 2012b). No apparent indications of fault activity have been observed during
field investigations in the repository area.

There are five noted normal faults in the BPM area (Herrera/Trihydro 2012b). The closest
normal fault to the proposed repository location is the Mill Gulch normal fault that bounds the
repository area to the north and created Mill Gulch. The Mill Gulch normal fault is oriented
northwest to southeast and is located about 240 feet north of the proposed repository area. A
series of normal faults are also located to the south of the proposed repository area. The closest
of these faults is the Betsy Cook fault that is located 2,000 feet to the south of the proposed
repository area.

No rock outcrops are in the proposed repository area, although bedrock is shallow along the
southern and southeastern edges. Based on interpretation of test pit and borehole logs, the
proposed repository area is situated at the upper end of a glacial bowl filled with glacial till. The
nature of the glacial till was discussed in Section 2.2.3.1. The southern and southeastern
hillsides of the bowl are relatively steep with thin soil cover overlying highly weathered and
weathered bedrock, as observed in test pits RY-SS-13 and RY-SS-14. The depth to bedrock in
RY-RB-01, RY-RB-02, RY-RB-03, and RY-RB-05 ranged from 4 feet to 16 feet bgs indicating
that these boreholes were situated on the rim of the glacial bowl. These conditions were
confirmed by conditions encountered in test pits RY-SS-06, RY-SS-08, and RY-SS-09 where the
excavator met refusal at 7 feet bgs. In contrast, the depth to bedrock in RY-RB-04 was

120.5 feet bgs. Bedrock was not encountered in test pits RY-SS-10, RY-SS-12, or RY-SS-15 at
the maximum reach of the excavator (17 to 17.5 feet bgs). Observations of the depth to bedrock
in the area around RY-RB-04 supports the assertion that the bedrock may have been subjected to
glacial processes in the past.
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During bedrock coring, the layers of bedrock were not observed to repeat within borehole
locations. This is an indication that the bedrock underlying the site is not thrust faulted (low
angled faults that create repetition of beds with depth in a borehole). However, some fault or
crushed rock zones were observed. The boreholes were also observed to have poorer rock
quality within the brownish yellow-colored layers. The brownish yellow color appears to
indicate that these layers have been subjected to alteration and stresses that decrease the rock
quality of the layers and allow groundwater to flow through preferential flow paths (i.e. the
fractures).

Bedrock quality improves with depth. Roughly, half of the fracture faces are planar and the
other half is undulating. The fractures are angular and fragments lock together to keep the
bedrock in place. As long as extensive lengths of bedrock are not exposed, bedrock sliding is not
expected to occur. As the depth to bedrock appears to increase to the northwest and downslope
in the glacial bowl, bedrock sliding is not anticipated to be a factor. On the northern end of the
proposed repository, near RY-RB-03, the oxidized ore zone should remain covered to avoid
ARD and raveling of the rock.

41.1.2 Soils

Some areas of the proposed repository are covered by waste rock from the Harrison and Harper
shafts. The waste material was characterized as loose to dense, yellowish brown, dry to moist,
silty gravel with fine to coarse sand and angular cobbles and some organics. Surface waste
material was observed to a depth of up to 7 feet bgs in test pit RY-SS-07, which was in a sunken
area near the Harrison shaft. Waste material was also locally observed in RY-SS-08 (0 feet to
1.33 feet bgs) and RY-SS-15 (0 feet to 1 foot bgs). Waste rock was not observed in RY-SS-06.
Of the three test pits (HM-RS-01, HM-RS-02, and HM-RS-03) and one monitor well
(MW-RY-06) installed in the proposed repository area during the RI, waste rock was only noted
in HM-RS-03 to a depth of 1.33 feet bgs.

The surficial soil over the glacial till soils is colluvium derived from the weathering and transport
of adjacent outcropping rocks. Colluvium was generally found as a 3 to 10-foot thick surface
layer throughout the proposed repository area and characterized by its tan or grayish brown
color. Tan to brownish gray, dry to moist, slightly silty to silty gravel with fine to coarse sand
and cobbles (GP-GM, GM)); silty fine to coarse sand with gravel and cobbles (SM); and gravelly
silt with fine to coarse sand and cobbles (ML). The gravels and cobbles were angular to
subangular. Standard penetration test (SPT) blow counts for this material in boreholes
MW-RY-06, MW-RY-07, and MW-RY-08 varied from 10 to 27 indicating a loose to medium
density (Herrera/Trihydro 2012a).

Glacial till deposits comprised the bulk of the overburden soils in the northwestern portion of
repository area. Glacial till deposits were generally characterized by their orange brown or
reddish brown color. They tended to be moist, clayey or silty gravel with fine to coarse sand and
few cobbles (GC, GM); orange brown, gravelly clay (CL) with fine to coarse sand with few to
some cobbles. Average SPT blow counts for glacial till in each borehole (MW-RY-06,
MW-RY-07, and MW-RY-08) varied from approximately 30 to 50 blows per foot, which
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indicated a dense consistency for the GC/GM soils. The SPT blow counts in clayey (CL)
materials varied from 15 to 30 indicating stiff to very stiff consistency and soil that was heavily
over-consolidated by the weight of prior overburden soils and/or glacial ice.

Suitability of soils in the repository area for construction of a repository are discussed in
Section 4.6.

4.1.2 Hydrogeology

Literature research during development of the RIWP did not identify publications related to
groundwater at the BPM. However, siting of the repository depends more on the presence and
depth to shallow groundwater than on deep or regional groundwater typically described in
geologic references.

The monitoring wells present in the proposed repository area and their completion intervals were
described in Section 3.4.4.3. As previously mentioned, groundwater was not detected during
drilling, immediately following completion of the wells, or during subsequent monitoring in
November 2011. No groundwater has been detected in monitoring wells RY-MW-06,
RY-MW:-08, or RY-MW-09 to date. Up to 4.2 feet of water has been detected in MW-RY-07
(Figure 3-4). Based on transducer measurements, the fluid level appears to increase slowly and
linearly following bailing of water from the monitoring well and is not suggestive of a response
to snowmelt or runoff. The increase in fluid level could be a result of groundwater flowing on
top of a clay layer that was encountered from 4 feet to 9 feet bgs in MR-RY-07
(Herrera/Trihydro 2012b).

During the RI, a shallow seep (2.75 feet bgs) was encountered in test pit RY-SS-04 along the
northern perimeter of the proposed repository area. No indications of groundwater were
observed along the southern perimeter of the proposed repository, although soils were observed
to be damp throughout the entire depth of the single test pit (RY-SS-03) excavated in this area.
Seeps were not encountered in waste characterization test pits excavated within the Harper and
Harrison Shaft waste rock areas. Approximately 900 to 1,200 feet to the northwest of the
repository, groundwater surfaces in the form of a spring forming the headwaters of Mill Creek,
which flows into South Fork Lower Willow Creek (Figure 2-9).

As discussed in Section 3.4.4.2, while drilling rock boreholes RY-RB-01 and RY-RB-02,
groundwater was observed to be slowly infiltrating into the boreholes at 38 and 30 feet bgs,
respectively. In RY-RB-01, the groundwater was observed at the base of a fault zone that was
encountered from 34.5 to 38 feet bgs. In addition, the brownish yellow zones of bedrock were
observed to generally be more fractured than the brownish pink bedrock layers and appear to be
the water bearing zones.

The depth to groundwater in the bedrock observed while drilling, approximately 30 feet bgs, is
deeper than anticipated depths (approximately10 feet to 15 feet bgs) of excavation for preparing
the repository base. Perched zones of groundwater may be encountered in the glacial till zones
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and should be expected. These perched zones may require sumps for dewatering during
repository construction, as well as permanent subsurface drains, interceptor trenches, or sumps.

4.1.3 Mine Geology and Underground Mine Workings

One of the data gaps identified in the RIWP to be partially addressed by boring at the proposed
repository was whether shallow or unknown mine workings may be present in the proposed
repository area. Mine workings or significant voids were not observed in the boreholes
advanced during this investigation. However, only five boreholes were advanced and their
locations could have missed shallow underground workings. Test pits targeting the Harrison
shaft did not encounter subsurface signs of the shaft. There is an approximately 12-foot by
12-foot sunken area in the location of test pit RY-SS-07, but the test pit excavated within this
area did not reveal signs of the shaft. This shaft appears to have been filled or caved in;
although, as with the boreholes, the test pit excavations could have missed the actual shaft
location.

Historical underground mine workings are known to extend underneath the proposed repository.
The depth of these workings, based off a review of historic mine maps, appears to vary between
123 feet bgs (near the Harper Shaft) and 410 feet bgs (near the Lewis Shaft), deeper than the
target borehole depths. Significant efforts were expended during the RIWP to identify, map, and
georeference the mine workings. The following discussion of those findings is from the RIWP
(Herrera/Trihydro 2012b).

The host rock in the BPM is Member 2 of the Mount Shields Formation, a pink to red and tan
quartzite with shale and argillite zones. Of the four known veins at the BPM, the main ore vein
that was developed and mined was the Combination Vein. This vein is also the closest of the
four veins to the proposed repository area. The vein orientation strikes north to N 40° W and
dips 15° to 22° southwest (Waisman 1985). The Combination Vein is located in a thrust fault
that cuts the near horizontal quartzite bedding at an angle of 10° to 15° and cuts through over
320 feet of quartzite within the mine. Mining followed the orientation of the vein. The vein
structure is composed of quartz and sulfide minerals that form interconnected vein segments that
range in combined thickness between 1 foot and 8 feet (Waisman 1985). There were no
indications of recent fault activity observed at the surface, within the mine’s main decline drift,
or noted in pertinent databases or literature reviewed as part of developing the RIWP.

During preparation of the RIWP, the project team georeferenced selected high-resolution,
historical underground mine workings maps in relation to project data using Geographic
Information System (GIS) and Computer Aided Design (CAD) software packages. The maps
included detailed mapping for the Combination Mine and Tim Smith Mines, as well as
less-detailed historical mapping for the Harper Shaft and Harrison Shaft areas. A comprehensive
model of the BPM area was constructed to evaluate mine workings relative to surface features
and potential repository footprints. Figures illustrating the approximate location of underground
mine workings relative to surface features in the proposed repository area are included in
Appendix H. Discussion of the individual mine maps and the georeferencing approach is
provided in the RIWP (Herrera/Trihydro 2012b).
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As described in historical literature and observed through review of historic mine maps, the BPM
is comprised of underground mines developed through a room and pillar mining method. The
main Combination Mine decline drift extends northwest approximately 3,280 feet along the
Combination Vein and extends westward and into the southern and central portions of the
proposed repository area (Figure 3-1). The proposed repository area appears to be undermined
along the southern edge, following a line running west to east from the Lewis Shaft to the Harper
Shaft. These historical workings extend approximately 100 to 300 feet into the southern portion
of the proposed repository area. In the vicinity of the Lewis Shaft, the mine workings appear to
be approximately 410 feet bgs. The first level of mine workings near the Harper Shaft appears to
be 123 feet bgs. A portion of the underground workings extend through the southeast corner of
the repository area, under the power line, and to within approximately 200 feet of Mill Creek.
Underground mine workings in the repository area are also located along the east side of the
power line running to the Combination Mine (Figures 1 through 3 in Appendix H).

4.2 Preliminary Waste Material Evaluation

BPM is comprised of a variety of mining impacted lands including tailings impoundments, waste
rock piles, mine adits and shafts, and fluvially deposited mine tailings and mill deposits. Site
assessments and preliminary investigations at the BPM began in 1981 and continued periodically
prior to the ASARCO bankruptcy. Following the ASARCO bankruptcy in 2009, DEQ compiled
assessment and investigation data as well as other site records and conducted a data gap analysis.
The RI was completed in 2011 to further characterize mine wastes, delineate extent of wastes,
and develop estimated quantities of wastes located at the BPM. During the RI, a total of

283 samples were collected across the four AOCs, including samples of soil, sediments, tailings,
waste rock, building materials, surface water, and groundwater. Samples were analyzed for field
and laboratory parameters, metals, geotechnical properties, asbestos, agronomic properties, and
ABA (Herrera/Trihydro 2012a). The results of these analyses were used in developing human
health and ecological risk assessments, identifying areas of contamination, assessing the
potential for acid generating material, and assessing revegetation properties.

Historical sampling results were confirmed by the sample results and observations from the RI.
Elevated levels of antimony, arsenic, cadmium, copper, iron, lead, mercury, and manganese have
been found in tailings and waste rock samples. Surface water and groundwater samples have
shown elevated levels of antimony, arsenic, cadmium, copper, iron, lead, manganese, mercury,
and zinc. Sediment samples have shown elevated levels of antimony, arsenic, cadmium, lead,
and mercury. A more detailed discussion of the sampling and results are presented in the Rl
Report (Herrera/Trihydro 2012a).

Additional waste samples from the Combination Mine AOC and the Combination Mill AOC
were collected and submitted for geotechnical testing and evaluation as part of the repository
investigation. The additional investigation was completed to determine geotechnical properties
of the waste materials that are needed to design the repository and the waste handling and
placement. As stated in the RIWP, improperly handled wastes can cause slope failures, lead to
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settlement, or increase leachate generation. The sample locations and test results are presented in
Sections 2.2.1 and 3.2.3, respectively.

4.2.1 Waste Material Quantities

The extents of metals-impacted, solid-media wastes were developed based on analytical results
from the R1 and historical sampling at the BPM. Depths of materials determined through test
pitting and previous monitoring well installations were used in conjunction with the aerial
extents of impacts and Light Detection and Ranging (LiDAR) topographic mapping to estimate
waste volumes. As much as 420,000 cy of metals-impacted solid-media wastes are estimated to
be present at the BPM (Table 4-1). A large portion of the estimated waste volume is associated
with the Combination Mine waste rock pile. Other waste materials include impacted soils from
the Combination Mine Soils Removal Areas; waste rock from the Tim Smith and Historic Mine
AOCs; and tailings, impacted soils, and impacted sediments from the Combination Mill AOC,
including the historic reprocessing area on USFS lands and downstream along South Fork Lower
Willow Creek.

Table 4-1. Estimated Impacted Waste Volumes, Black Pine Mine

Impacted Waste Location Estimated Volume (cy)®

Combination Mine Waste Rock Pile 231,200
Combination Mine Soils Removal Areas 5,000
Tim Smith Waste Rock Dumps at Tim Smith No. 1 and 22,650
No. 2 Adits
Combination Mill Sediments, Soils, and Tailings 126,900
Impoundments
South Fork Lower Willow Creek Stream Sediments 21,100
Historic Mine Area Waste Rock Areas 13,350

Total 420,200

Cy — cubic yards
(@) Quantities are preliminary; estimates will continue to be refined during design.

The estimated waste volumes presented in Table 4-1 were updated from the volumes included in
the R1 (400,000 cy) based on refined calculations completed as part of the repository
investigation. The waste volumes will continue to be refined as additional information is
collected and during design of the repository.

4.2.2 Waste Material Handling

Segregation of the coarser material will occur when end-dumped into the repository. Waste
materials should be mixed at the repository to avoid material segregation and then spread in
12-inch loose lifts and compacted to 95% of standard Proctor maximum dry density. Handling
procedures specific to each type of waste are discussed below in the following subsections.
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4.2.2.1 Waste Rock

The waste rock collected from the Combination Mine waste rock pile is characterized as cobbly
gravel (GP) to silty gravel with cobbles (GM). The natural moisture content of the samples
submitted for testing (2 to 5 percent) were slightly drier than the optimum moisture content

(7 percent) determined through standard Proctor testing. Placing the waste materials at moistures
contents slightly drier than optimum moisture may be desired to reduce the quantity of leachate
material that is generated from pore water being released due to compacting and /or settlement of
the wastes in the repository. Therefore, moisture conditioning may only be required for a portion
of the waste rock.

Geotechnical testing was previously completed for waste rock samples collected from the
Harrison, Harper, and Tim Smith No. 1 Adit waste rock areas during the RI. The results are
presented in Tables 7-8 and 7-9 in the Rl Report. A summary table of the geotechnical results
from the R1 is provided in Appendix E5. The waste rock samples from these areas were
classified as well graded gravel with silt and sand (GW-GM, Tim Smith No. 1 Adit waste rock),
silty gravel with sand (GM, Harper Shaft waste rock), and clayey gravel with sand (GC, Harrison
Shaft waste rock) (Herrera/Trihydro 2012a). The natural moisture content of the waste rock
from the Tim Smith mine was not reported by the laboratory (the laboratory inadvertently
overlooked the test for the this sample). However, the natural moisture contents for the sample
from the Harper Shaft (10.5 percent) and the Harrison Shaft (16.1 percent) were higher than their
respective optimum moisture content (7.8 percent and 12.8 percent, respectively). These
materials should be dried or mixed with drier materials prior to or during placement in the
repository.

4.2.2.2 Tailings

The tailings collected from the Combination Mill tailings impoundments are characterized as
clayey gravel (GC), silty sand (SM), and clayey silt (CL-ML). Samples collected from the
former reprocessing area are characterized as lean clay (CL). The natural moisture content of the
samples submitted for testing (4 to 7 percent) were drier than the optimum moisture contents

(12 to 20 percent). The exception was sample CML-GT-08, collected from the reprocessing area
tailings located on USFS administered lands, which had a natural moisture content of 60 percent.
A standard Proctor was not run on this sample.

In the condition represented by the samples, the tailings materials could be loaded in a haul truck
without drying, physical stabilization, or liners. Most of the samples were drier than optimum,
and; therefore, would require moisture conditioning by wetting and mixing to achieve proper
compaction. However, the waste materials had been allowed to dry for two days in an attempt to
reduce mercury concentrations before samples were collected. The samples were also collected
in September during the driest time of the year. Depending on the timing of waste excavation in
these areas, materials may be wetter than the samples collected during September and may not
require wetting. Other materials in the area, such as the material represented by sample
CML-GT-08 and impacted materials in the lower tailings horizons may be wetter or saturated
and may degrade to a slurry when excavated and hauled to the repository. These tailings may
require dewatering prior to loading and hauling to the repository and/or mixing with drier
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materials or lime to reduce the moisture content for proper compaction. Also, as stated for the
Combination Mine waste rock pile, placing materials at slightly drier than optimum may be
desired to reduce leachate generated by waste placement and compaction.

Soil moisture results from analytical testing performed on samples collected during the R1 will
be used, in combination with the results discussed above, during development of waste handling
procedures as part of the repository design. Soil moisture results for tailings collected during the
RI ranged from 8.2 percent (CML-TS-07, collected between 2 and 4 feet bgs) to 40.1 percent
(CML-TS-01, collected between 2 and 4 feet bgs). As described above, some materials from the
Combination Mill AOC may require the addition of moisture to achieve proper compaction,
while other materials may require stabilization or drying.

4.2.2.3 Stream Sediments

The stream sediments along South Fork Lower Willow Creek consist of predominantly
non-plastic silts (ML) and silty fine sands (SM). The natural moisture content of the samples
submitted for testing (3 to 16 percent) were drier than the optimum moisture contents (18 to

24 percent). In their present condition, these soils can be hauled without lining or stabilization.
Similar to the tailings samples, these materials would require moisture conditioning by wetting
and mixing to achieve proper compaction. However, these samples were also allowed to sit
exposed to the air to allow mercury vapors to dissipate prior to sample collection. The materials
are expected to be wetter than represented by the samples. As described for the tailings samples,
soil moisture results from analytical testing performed on samples collected during the RI will
also be used during development of waste handling procedures as part of the repository design.
Soil moisture results for sediment samples collected during the RI ranged from 15.2 percent
(CML-SD-01, collected at the surface) to 67.7 percent (CML-SD-04, collected at the surface).

Sediments located closer to or in the South Fork Lower Willow will likely be saturated and will
degrade to a slurry when excavated and hauled to the repository. These materials may require
dewatering prior to hauling to the repository and would require drying or mixing with lime to
reduce the moisture content for proper compaction.

4.2.3 \Waste Material Placement

Long term, stable embankment slope angles for waste materials placed in the repository will vary
depending on the type of waste material and the material forming the base of the repository. For
sandy gravels (GP), slightly silty gravel with sand (GP-GM), and silty gravels with sand (GM)
soils, wastes should be placed at a slope angle of 2 feet horizontal to 1 foot vertical (2H:1V) or
flatter. Waste fill slopes comprised of clay, gravelly clay or clayey gravel should be sloped at
3H:1V or flatter. All materials should be moisture conditioned as discussed above and
compacted in lifts no greater than 12-inches.

Final waste placement slopes will be developed during the repository design based on
refinements to the repository configuration and design of the repository bottom.
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4.3 Compliance With ARARs

ARARs for the repository are either “applicable,” in which case state and federal laws and
regulations directly address site standards, or are “relevant and appropriate,” in which case
statutory or regulatory requirements are determined to address problems sufficiently similar to
those encountered at the site. If requirements are determined to be relevant and appropriate, they
must be complied with as if applicable. Determinations are guided in part by factors set forth in
40 CFR 8§ 300.400(g). ARAR:s for the repository are further separated into chemical-specific,
location-specific, and action-specific categories.

Chemical-specific ARARSs are typically health, technology, or risk-based standards limiting the
concentration of relevant chemicals and compounds. They typically set numerical action values
based on human or environmental risk-based criteria as applied to site-specific conditions. These
guidelines define permissible concentrations of chemicals for soil, surface water or groundwater.
Wells and transducers were installed to identify groundwater at the repository, and water samples
were analyzed for metals from the wells. These groundwater samples will be used as baseline
samples for future monitoring of the repository. Surface water samples collected from seeps and
Mill Creek will also be used for baseline conditions.

Location-specific ARARs relate to the geographic or physical position of the site and restrict
concentrations of hazardous substances or the conduct of cleanup activities due to their location
in the environment. They provide guidelines for proximity of the repository to wetlands,
floodplains, and faults and seismic areas. Literature review, field reconnaissance, and subsurface
investigations were performed to check compliance of the proposed repository with guidelines
identified as location-specific ARARs.

Action-specific ARARs are technology- or activity-based requirements or limitations on
hazardous substance handling, and are not typically determinative of the chosen alternative, but
instead indicate how the selected alternative should be carried out. Action-specific ARARS
provide design criteria for the repository. Action-specific guidelines that are applicable to the
repository design include the following criteria:

= Design Requirements (Administrative Rules of Montana [ARM] 17.50.1204) —
requires that solid waste facilities do not impact groundwater or exceed groundwater
standards at a relevant point of compliance.

= Closure Criteria (ARM 17.50.1403) — requires that solid waste facilities install a final
cover system to minimize infiltration and erosion. The final cover system must be
designed to have a permeability no greater than the permeability of the bottom liner
system or natural subsoils present, or a permeability no greater than 1x10
centimeters per second (cm/sec), whichever is less. This criteria also requires that
infiltration is minimized by the use of an infiltration layer that contains at least 18
inches of earthen material, and minimize erosion of the final cover by the use of an
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erosion layer that contains at least 6 inches of earthen material that is capable of
sustaining native plant growth. DEQ may approve alternative final cover designs.

Post-Closure Criteria (ARM 17.50.1404) — requires that solid waste facilities
maintain the integrity and effectiveness of any final cover system and monitor the
groundwater in accordance with the requirements of ARM 17.50.13.

Variance (MCA 75-10-206) — the Solid Waste Management Board may grant a
variance from the rules adopted by the DEQ if it finds that failure to comply with the
rules does not result in a danger to public health or safety, and compliance with the
rules from which a variance is sought would produce hardship without producing
benefits to the health and safety of the public that outweighs the hardship.

A full list of ARARs for the proposed repository is presented in Table 4-2. The repository
design will comply with requirements that are applicable or relevant and appropriate. In some
instances, a variance may be requested based on consideration of site conditions and controls.

4.4

Surface Conditions

Observations presented in Section 3.1 indicate that the surface conditions in the proposed
repository area would not limit development of a repository. There are several features,
discussed in the following subsections, which should be considered if development of a
repository is selected as the preferred alternative in the EE/CA.

4.4.1 Infrastructure

Infrastructure within or immediately adjacent to the proposed repository area that could be
impacted by construction of a repository include the closed Harper Shaft, overhead power lines
that run to the Combination Mine and the Lewis Shaft/Tim Smith Mine, debris from the Harrison
Shaft, and USFS Road 678 (Figure 2-9). Considerations for these features include:

Harper Shaft — The Harper Shaft, located along the southeast edge of the proposed
repository, has been sealed with a concrete plug. However, the configuration,
condition, and bearing capacity of the closure are unknown. The shaft is currently
outside of the proposed repository footprint. Alternatives to the proposed footprint
should maintain the shaft outside of the footprint. Likewise, activities associated with
construction of the repository should avoid the shaft area. No construction
equipment, haul trucks, or support vehicles should be allowed to drive over the
closure. Rerouting, if undertaken, of USFS Road 678 should also avoid the Harper
Shaft.

Overhead power lines — There are two overhead power lines near the proposed
repository area. The power line located along the northwest (downslope) edge of the
repository area supplied power to facilities at the Tim Smith Mine and the Lewis
Shaft. While these facilities are currently inactive, the power lines are considered an
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asset and could be used for future site activities. The second power line, located
along the northeast edge of the repository area supplies power to the Combination
Mine area. Power is currently used at the Combination Mine to support the
pumpback system and provide power to the Combination Mine Northern Building.

= Two of the possible layouts for Repository Area 2 presented in the RIWP (Layout 2
and Layout 3) would have impacted the power lines and required rerouting or
reconstruction of a portion of the lines. The repository layout presented in this report
(corresponding to Layout 4 in the RIWP) avoids conflicts with the power lines.
However, activities associated with development of the proposed repository,
including borrow area development and temporary or permanent rerouting of USFS
Road 678, may require work under or alongside the power lines. These activities can
be completed in a manner to avoid conflicts with the power lines, but will require
coordination with the power company.

= Harrison Shaft — The Harrison Shaft is located in the center of the proposed
repository and will be disturbed by construction of a repository. Remaining building
and foundation debris will need to be removed and disposed of offsite due to the
presence of asbestos containing grout. This work will require certified asbestos
personnel.

Three test pits, including test pit RY-SS-07 (Figure 3-2) and two unnamed,
exploratory test pits, were excavated during the repository investigation near rubble
associated with the Harrison Shaft. A field sketch of these test pits relative to the
rubble is provided on the RY-SS-07 test pit log in Appendix B. The test pits did not
encounter the shaft collar. However, based on comments received from the USFS on
the Draft RIR, the location of test pit RY-SS-07 was in the shaft closure. According
to the USFS, the shaft collapsed and then was backfilled by ASARCO in 2002. The
USFS believes that the debris encountered in test pit RY-SS-07 is part of the shaft
backfill (USFS 2013). The remnants of the shaft are likely to be uncovered with
excavation of the proposed repository bottom. Depending on the condition of the
material in the shaft, if encountered, an engineered closure may be appropriate. This
closure would likely require over-excavation of existing backfill material and
construction of a reinforced concrete plug.

= USFS Road 678 — USFS Road 678 runs along the southern edge of the proposed
repository area. This road provides the primary access to South Fork Lower Willow
Creek and will need to be maintained. The original layout for Repository Area 2
(Layout 1 in the RIWP) avoided disturbing the road by maintaining the proposed
footprint between the road and the power lines to the north and east. However, this
layout was inefficient and did not take advantage of additional storage that would be
provided if the repository were set against the hillslope to the south. This layout
resulted in limited storage capacity and would have resulted in construction of a
mounded repository that did not tie with the surrounding topography or that required
substantial over-excavation.
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Development of the a repository matching Layout 4 in the RIWP (the proposed
repository layout presented in this report) would provide additional storage capacity
and allow the repository to better tie with the surrounding topography. However, this
layout would result in constructing the repository over the portion of USFS Road 678
between the intersection with USFS Road 448 and the access road to the Lewis Shaft
(Figure 2-9). The USFS was consulted and indicated they may be open to
realignment of the road or reconstruction of the road across the repository, if feasible.
Three alternatives for rerouting this road are described in Section 4.5.2.7. The road
will also require temporary detours during construction of the repository.

Other infrastructure, as presented in Section 3.1.1, is outside of the anticipated repository area
and should not be impacted by construction of a repository.

4.4.2 Seeps and Springs

Seeps and springs were identified during field investigations, as described in Section 3.1.2.
However, these features are downslope from the proposed repository area, or located on the other
side of a small ridge (Figure 2-9), and are not anticipated to affect the repository or to be
impacted by the repository.

As discussed in Section 3.1.2 and in other sections of this report, shallow, perched water has
been encountered along the northwest (downslope) limits of the proposed repository area. This
water is assumed to be the result of water from snowmelt or rainstorms that infiltrates into the
shallow subsurface soils and runs slowly along the top of lower permeability clayey materials. A
small seep was encountered in test pit RY-SS-04, located north of the proposed repository
footprint, and 3 to 4 feet of water has been consistently measured in MW-RY-07, located along
the northwest limits of the proposed repository. These areas of perched water may be
encountered during excavation of the repository footprint and may require installation of sumps
and pumping to dewater.

These areas of perched water will also need to be considered during design of the repository as
the water could interact with waste materials resulting in ARD or transport of heavy metals. The
proposed repository area is located high in the drainage, near the ridgeline, reducing the amount
of area draining to the footprint. A surface cap will also be incorporated into the repository
design to reduce the amount of water that can infiltrate into the repository. The repository will
also be graded to drain surface water off the repository surface. The repository cap and grading
design will reduce the amount of water available to recharge the perched zones below the
repository footprint. The repository design should also incorporate stormwater collection ditches
and/or interceptor trenches along the upper perimeter of the repository. These controls can
intercept and reduce the amount of surface water and shallow subsurface water that reaches the
repository, further reducing the volume of water available to recharge perched water zones.

While these design considerations may reduce the amount of water in the perched zones and the
likelihood for this water to interact with waste materials or leachate, they will not completely
eliminate this possibility. Therefore, a bottom liner (constructed from processed onsite clayey
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materials, imported clay, geosynthetic clay liner [GCL], or other geosynthetics) should be
evaluated during design of the repository. The decision to include or not include a bottom liner
should be made in consultation with state agencies and in consideration of ARARs, long-term
maintenance concerns, and the site management approach.

4.4.3 Cover Soils and Vegetation

Construction of the proposed repository will require removal of vegetation and topsoil within the
repository footprint, as well as in construction staging, material processing, and adjacent borrow
areas. The proposed repository footprint covers 15.5 acres. A portion of this area,
approximately 3.6 acres, is already disturbed, which reduces the net impact (11.9 acres) of
constructing the proposed repository. Disturbance areas associated with ancillary construction
activities in the repository area have not been defined; these will be determined during repository
design. Mitigation of the disturbances associated with the repository will require a combination
of approaches.

As discussed in Section 3.1.3, existing disturbed areas at the site are largely devoid of vegetation.
In certain instances, this is due to metals-impacted soils or waste materials. However, in other
disturbed areas the lack of vegetation is largely due to insufficient topsoil. Topsoil depths across
the BPM range from 2 to 5 inches bgs. This makes borrowing topsoil difficult. Sufficient depth
of topsoil must exist in borrow areas to provide material for the target area while also
maintaining sufficient topsoil at the borrow area to allow for reclamation.

Re-establishment of lodge pole pine, the dominant pioneer species in the area and the species
covering much of the repository area, is not suitable for the repository. While lodge pole pine
can establish in drier areas and require less topsoil, woody plants could compromise the
repository cap through root intrusion. Areas disturbed around the repository area could be
seeded with upland grasses and planted with lodge pole pine. However, vegetation on the
repository should be limited to a dense grass cover that would reduce the natural invasion of
woody plants. This dense grass cover would also provide stabilization and reduce erosion.
Successful grass establishment would require the placement of at least 6 inches of topsoil.

The required topsoil to establish the dense grass cover does not appear to be available within the
proposed repository area. Topsoil was noted in repository test pits RY-SS-03 (24 inches),
RY-SS-04 (9 inches), RY-SS-06 (3 inches), and RY-SS-11 (6 inches). The depth of topsoil in
RY-SS-03 was listed in the field logs as occurring from 0 feet to 2 feet bgs, but was not
distinguished from silty gravel encountered in the same interval. Additionally, the agronomic
results (Section 3.4.1) for the sample collected from this location indicated the material would
not be suitable for use as cover soil due to low organic content. Areas containing topsoil are also
heavily treed. Clearing and grubbing of the lodge pole pine in these undisturbed portions of the
repository footprint will also result in some loss of topsoil as root masses will need to be
completely removed. Assuming that an average of 3 inches of topsoil can be salvaged across the
undisturbed portions of the repository footprint (11.9 acres) equates to approximately 4,800 cy of
salvaged topsoil. Re-spreading this topsoil across the 15.5-acre repository would result in a
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uniform topsoil thickness of just over 2 inches. This would be insufficient to support the desired
dense grass cover.

Additional cover soil is present in potential borrow areas identified during the repository
investigation. Borrow areas BPB1A, BPB2/3, and BPB7A are each within the immediate
vicinity of the proposed repository area (Figure 2-6). BPB7A abuts the repository area. The
southern portion of this borrow area may serve as a source of materials for berm and liner/cap
construction and likely will be disturbed by other construction-related activities. Agronomic
tests were run on topsoil samples from these potential borrow areas and they were determined to
be acceptable for vegetation establishment (refer to Sections 3.3.1 and 3.4.1). Available topsoil
in BPB7A should be re-applied to that area if it is disturbed to obtain materials for construction
of the repository. The other potential borrow areas may be needed to provide cover soils for
waste area removal areas, where no onsite topsoil exists.

In consideration of the difficulty of establishing vegetation on disturbed areas at the site, the
limited depth of topsoil across the potential borrow areas, and the need for topsoil from the
borrow areas as part of reclaiming waste removal areas, a combination rock armor and grass
cover are recommended to protect the repository cap. Use of a rock cover may require DEQ
approval of a variation from the Closure Criteria (ARM 17.50.1403) ARAR, which requires an
erosion layer that contains at least 6 inches of earthen material that is capable of sustaining native
plant growth.

Materials from the excavation of the repository bottom can be screened and the larger material
(greater than 3 inches) retained for use in construction of a 6-inch rock armor over a portion of
the repository cap. This would reduce the quantity of coversoil required. The topsoil salvaged
from the repository area could then be applied 6 inches deep over a smaller (approximately

6 acres) portion of the repository to increase diversity or provide buffer areas.

Due to the difficulty in reclaiming disturbed areas, construction limits should be tightly
controlled, and vegetation and topsoil should be protected against disturbance where possible.
Avoiding construction disturbance between the northeast and north repository perimeter (from
RY-SS-08 north to RY-SS-09 and northwest to RY-SS-04, Figure 2-9) and the power lines
would provide a visual buffer for a portion of the repository.

4.5 Preliminary Repository Design

A preliminary repository design was developed to facilitate review of reclamation alternatives
that include waste consolidation and disposal in an onsite storage facility. The preliminary
design was also completed to further assess the suitability of the site for long-term waste storage.

Preliminary design efforts included evaluating and developing a repository footprint, optimizing
repository excavation depths, sizing the repository for the estimated waste quantities,
determining appropriate waste material placement slopes, and developing closure grading.
Design of the cover system and bottom liner was not included in the preliminary design other
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than an evaluation of the suitability of onsite borrow materials. The design of cover systems, as
well as refinement of the repository configuration and capacity will be completed during design
of the repository should this alternative be selected for advancement during the EE/CA.

45.1 Repository Capacity

The estimated volume of solid media wastes to be stored in the repository is 420,200 cy

(Table 4-1). The repository was preliminarily sized to store 425,000 cy, while also accounting
for volumes of anticipated cap material and possible bottom liner material. The repository
capacity can be increased if necessary to accommodate additional wastes or materials (e.g., lime)
needed to stabilize saturated tailings or sediments.

4.5.2 Repository Configuration

Beyond compliance with ARARs and the requirement for a repository that provides for long-
term waste storage with minimal operation and maintenance (O&M) requirements, one of DEQ’s
design criteria is that the repository blends with the surroundings. The four pre-conceptual
repository layouts presented in Section 2.4 of the RIWP each represented different approaches to
accomplishing meeting this criteria. These layouts are shown on Figure 4-2.

The most basic approach to blending a repository with the surrounding terrain is to construct a
below grade repository. This option was reviewed during the Rl and development of the RIWP,
and found to have too many drawbacks. Excavation of a repository to the depths (approximately
20 feet bgs) required to store more than 420,000 cy in a 15-acre footprint (represented by
Layout 1 in the RIWP) and account for a final cap system would require excavation into bedrock
over portions of the repository footprint. Placing the bottom of the repository 20 feet bgs could
also increase the potential for interaction with groundwater. An alternative would be to expand
the repository footprint, similar to Layout 3 presented in the RIWP. However, this doubles the
disturbance area (approximately 32 acres) and extends the repository closer to known seeps and
springs. Both approaches also result in substantial quantities of excavated material (at least
420,000 cy) that would be beyond the volume needed to backfill waste areas (approximately
108,000 cy). The excess 300,000 cy would have to be wasted at the site.

As construction of a subsurface repository does not appear practical, repository configurations
that provide partial storage below grade and blend the remaining surface storage with the
surrounding terrain were evaluated. The ability of the four layouts presented in the RIWP to
meet this criteria are discussed below:

= Layout 1 - This is the layout presented in the RI and is located between USFS
Road 678 and the overhead power lines. This area could hold the required waste
volume using both below grade and above grade storage. However, the surface
storage would not blend well into the surrounding terrain and would result in a
noticeable mound on all sides. This layout was not evaluated further during the
preliminary design in favor of Layout 4, which can be blended better with the
surrounding terrain.
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= Layout 2 — This layout fills the topographic bowl at the head of Mill Gulch and could
be blended into the surrounding terrain. However, this layout would require rerouting
or removal and replacement of the overhead power lines. This layout would also
expose the oxidized ore zone near RY-RB-03, which could lead to ARD generation
within the repository. This layout was discounted for these reasons.

= Layout 3 — This layout was developed as an alternative to store the majority of the
wastes below grade without requiring deep excavations. However, as stated above
the surface disturbance for this layout is 32 acres. Considering the difficulty of
reclaiming disturbed areas at the site, limiting the disturbance area is critical. This
alternative also encroaches on the seeps and springs that form the head of Mill Creek
and would require rerouting or removal and replacement of overhead power lines.
This layout was discounted for these reasons.

= Layout 4 — This layout sits against the ridge to the south of the Repository 2 Area.
This layout avoids the overhead power lines, but requires rerouting USFS Road 678.
This area can hold the required waste volume, with room for expansion, using both
below grade and above grade storage. A repository sited here can also be blended
with the surrounding terrain.

The preliminary repository design is based on Layout 4 due to the capacity of this layout, the
ability to blend it with the surrounding terrain, and its location upslope and away from mapped
seeps and springs. Specific components are outlined in the following subsections.

45.2.1 Repository Footprint

The preliminary repository layout is shown on Figures 2-9, 4-3, and 4-4. The footprint totals
15.5 acres and encompasses the Harrison Shaft waste rock area, the Harper Shaft waste rock
area, and portions of USFS Road 678. These areas represented 3.6 acres of the repository
footprint, reducing the new disturbance to 11.9 acres. The layout avoids the power lines to the
north and east, the Harper Shaft to the east, and the oxidized ore zone noted in RY-RB-03 to the
northeast. The repository is also situated upslope of seeps and springs mapped during May 2012
that form the head of Mill Creek. Discussions of infrastructure, seep/spring, and revegetation
considerations for the proposed layout are presented in Section 4.4,

4.5.2.2 Excavation and Excavation Slopes

Excavation of the repository base below grade was evaluated as part of the design process. The
excavation depth was optimized to reduce the amount of waste storage above ground and balance
the cut material generated with fill requirements associated with the repository cover, liner and
cap systems, and excavated waste material subsoil backfill. Note that backfill for waste
excavation areas was only assumed appropriate for wastes removed from the Combination Mill
AOC. The Combination Mine waste rock pile and the Tim Smith waste rock piles were placed
on top of native ground. Excavation in these areas will extend to native materials or only slightly
deeper. Only cover soil is assumed to be replaced at these sites. Waste materials associated with
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the Harrison and Harper Shafts are within the repository footprint and do not extend beyond the
anticipated repository excavation depth.

Based on volumetric evaluations, an average excavation depth of 10 feet bgs appears optimal. A
preliminary 10-foot excavated repository floor is shown on Figure 4-3. Excavations deeper than
an average of 10 feet increase the potential for interaction with groundwater and generate more
material than is required to construct the repository and backfill excavated waste areas. Shallow
excavations (e.g., 5 feet bgs) do not provide sufficient materials to construct the repository and
backfill waste excavation areas. In addition, because more waste is stored above grade, blending
the final repository surface with the surrounding native ground is more difficult. A larger mound
with steeper slopes results from the shallower excavations.

Cross-sections of the repository based on an average 10-foot excavation depth are shown on
Figure 4-5 and 4-6. As shown on the cross-sections, portions of the excavation extend beyond
10 feet-bgs, but are typically less than 14-feet bgs. These areas of deeper excavation typically
exist where there is a change in the existing surface terrain. Cut slope heights of up to 10 feet
will be required on the uphill side of the repository and up to 13 feet on the downhill side. Cut
slopes are shown at 2H:1V on the uphill side of the repository and 3H:1V along the slope and
downbhill sides.

The temporary cut slope angles could be increased, based on material properties, if deemed
appropriate during the repository design. Cuts on the uphill perimeter will primarily be made in
dense to very dense sandy gravel with silt (GP-GM) to silty gravel with sand (GM) soils
(Figure 4-7). These materials are also found along the eastern perimeter of the repository. Cuts
on the downhill perimeter will primarily be made in clayey gravel (GC) and gravelly lean clay
(CL). These temporary excavations could be sloped at 1-1/2H:1V to 1H:1V in the absence of
groundwater seepage. Flatter slopes on the order of 2H:1V would be required if groundwater
seepage were present.

4.5.2.3 Diversion Ditches and Interceptor Trenches

Stormwater diversion ditches and interceptor trenches should be included upslope of the
repository. Stormwater ditches should be aligned and constructed to intercept stormwater runoff
and snowmelt from upslope areas and divert the water around the repository. These ditches will
limit the amount of water contacting the surface of the repository; reducing the potential for
erosion of, or infiltration through the cap. The ditches should be constructed with low
permeability materials (available onsite) to limit infiltration through the ditch bottom.

Similarly, shallow interceptor trenches should be included along the upslope perimeter to capture
shallow subsurface flows and provide a preferential pathway away from the repository.

Drainage material for the interceptor trenches would likely need to be imported from an offsite
source or possibly screened from onsite sources.

The preliminary alignment of the stormwater ditches and interceptor trenches are shown on
Figure 4-4. These will be sized, and the alignment refined, during the repository design.
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45.2.4 Repository Cap and Bottom Liner

Waste materials targeted for storage in the repository are impacted with heavy metals and some
of the wastes have the potential to generate ARD. Tailings, soils, and sediments from the
Combination Mill AOC and South Fork Lower Willow Creek include elevated mercury levels.
Potential environmental impacts could occur if leachate from these waste materials seeps out of
the repository bottom and interacts with groundwater, and/or surfaces as seeps downgradient of
the repository. Impacts can also occur if groundwater levels rise, bringing groundwater into
contact with the waste materials. Groundwater has not been observed in most of the test pits,
boreholes and monitoring wells installed during the RI and repository investigation. However,
shallow seeps, believed to be water perched above clayey materials, have been observed along
the north perimeter of the repository footprint in test pit RY-SS-04 and monitoring well
MW-RY-07.

The preliminary repository design incorporates measures to reduce potential environmental
impacts associated with storage of waste materials onsite. These measures include the physical
siting and configuration of the repository, construction techniques, and inclusion of a low
permeability cap and possibly installation of a bottom liner. The proposed repository is sited
high in the topographic bowl above Mill Creek and the repository base excavation depth is
limited to approximately 10 feet to provide adequate separation from groundwater. EXisting
perched water within the repository footprint will be removed during excavation of the
repository base. Additionally, upslope stormwater ditches and interceptor trenches are included
in the preliminary design to divert up gradient surface and shallow subsurface water from
flowing into the repository footprint. Waste materials will also be processed (dewatered, mixed,
or stabilized with lime) to reduce leachate generation. The waste materials also are largely
inorganic and will not decompose and generate leachate as municipal wastes would.

The proposed repository will be capped to reduce precipitation falling directly on the repository
from infiltrating into the waste materials. The surface will also be sloped to promote drainage
off of the cap. The cap will include a liner system designed to reduce permeability to less than
1x10” cm/sec. The liner system will include a bedding layer/material, an impervious
layer/geosynthetic material, and a drainage layer/material. The composite liner will be protected
with a soil cover with a thickness of between 1.5 feet and 2.5 feet. An erosion protection layer
(discussed in Section 4.5.2.5) would be installed above the soil cover.

A bottom liner is often not included in repository designs. Inclusion of a bottom liner can
increase long-term O&M requirements, primarily associated with leachate collection and
management. Moreover, the measures described above would significantly reduce the amount of
leachate generated by the wastes, while the siting of the repository would reduce the potential for
interaction with groundwater. However, there is the potential for groundwater elevations to rise
or for the limited leachate expected to be generated by the wastes to filter through the repository
base. Repository subgrade soils are expected to consist of native, undisturbed glacial till
comprised of dense sandy gravel with silt (GP-GM), silty to clayey gravel with sand and cobbles
(GM, GC), and stiff to very stiff gravelly clay with sand and cobbles (CL) (Figure 4-3). Based
on a limited number of laboratory permeability tests and correlations with material gradation

December 16, 2013 82 Herrera Environmental Consultants



characteristics, the subgrade permeability could vary from 5x107 cm/sec to 1x10” cm/sec. The
higher permeability materials (sandy gravel with silt and silty gravel) could allow leachate to
migrate from the repository or shallow groundwater to infiltrate into the waste materials.
Inclusion of a bottom liner could address these concerns. At a minimum, a liner is appropriate to
encapsulate mercury-contaminated materials from the Combination Mill AOC and South Fork
Lower Willow Creek.

A bottom liner has not specifically been included in the preliminary repository design, but based
on the materials and conditions encountered during the repository investigation, further
evaluation of a bottom liner is warranted. An option for further evaluating the need for a bottom
liner that could be completed as part of the repository design would be to conduct field
infiltration tests.

Design of the configuration, liner material and cap, design of encapsulation for mercury-
impacted materials, as well as deciding on the need for a bottom liner will be completed during
repository design activities. These tasks will be undertaken at a later date, if onsite waste storage
is identified as a preferred reclamation alternative during the EE/CA.

4.5.2.5 Erosion Protection Layer

An erosion protection layer is required to protect the repository cap. This layer is typically a
vegetative layer. As discussed in Section 4.4.3, limited cover soils are available onsite, which
would make establishment of a dense vegetation cover difficult, without disturbing larger areas.
Therefore, the preliminary design includes a combination rock armor and vegetative cover.
Available cover soils, estimated at 4,700 cy would be used to cover approximately 6 acres of the
repository cap. The vegetative cover could be broken into separate plots to provide vegetative
buffers where appropriate. The remaining 9.5 acres would be covered with 6 inches of rock
armor processed from material excavated within the repository footprint. This approach may
require a variance from the Solid Waste Management Board.

4.5.2.6 Final Surface Slopes

The repository thickness, including waste materials, cap materials, and surface erosion protection
ranges from 25 feet to 35 feet, as shown in Figures 4-5 and 4-6. Note that in these figures, the
proposed ground is the top of the erosion protection/armoring layer. Approximately 10 to 15 feet
of the storage is below grade, while the remaining 13 to 25 feet (including surface cap) is above
grade.

The final surface, accounting for waste placement, cap, and erosion protection is shown on
Figure 4-4. This surface is based on the preliminary design and waste volume estimates and will
be refined during the repository design. The surface ties in with the top of the excavation along
the sides and along the downhill edge of the repository. Because the repository is configured to
tie in with the top of the excavation, downstream containment berms have not been included in
the preliminary design. The surface slopes for the majority of the repository area range from
7H:1V to 10H:1V. The slopes increase along the southwest edge of the repository, ranging from
4H:1V to 3H:1V. The steeper slopes are required along the southwest corner to tie with the
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existing topography near the Lewis Shaft. These slopes approximate the slope of the original
ground prior to repository construction, and are flatter than the maximum slopes recommended
for waste placement in Section 4.2.3.

45.2.7 USFS Road 678

The proposed repository would cover USFS Road 678 between the intersection with USFS Road
448 and the access road to the Lewis Shaft (Figure 2-9). This road segment is approximately
0.3 miles (1,570 feet) long. The USFS was consulted prior to the RIWP regarding the feasibility
of covering this road with a repository and either rerouting the road or reconstructing the road
over the repository. They informally indicated that they would be open to realignment of the
road or reconstruction of the road across the repository, if feasible.

There are three primary alternatives for addressing USFS Road 678. These alternatives are
shown on Figure 4-8 and include:

1. Reroute the road along USFS Road 448 to the intersection with the power line
running southwest to northeast. There is an existing two track that runs along
the power line. This two track could be developed into a primary USFS road,
although this would requiring moving the road slightly downslope. This
alignment would be 1.03 miles (5,450 feet) long, an increase of 0.7 miles over
the existing road alignment. Grades along this reroute would be less than the
existing route.

2. Reroute the road along USFS Road 448 and then north along the power line
that runs along the east side of the repository (power line to the Combination
Mine). This new route would then turn back southwest and follow the power
line along the northwest edge of the repository. As mentioned for the first
alternative, there is an existing two track along this power line that could be
developed. However, there is not an existing two track along the eastern
power line. The grade is also steeper along this portion of the route, averaging
8.2 percent. This grade is slightly steeper than the grade for the existing route,
which varies from 6 percent to just 7.5 percent. This alignment would be
0.5 miles (2,720 feet) long, an increase of 0.2 miles over the existing route.

3. Reconstruct the road across the repository after the repository has been filled
and capped. The preliminary grading for this alignment is shown on
Figure 4-4. The road could be reconstructed in approximately the same
alignment, with modifications to maintain reasonable grades. However, this
requires construction of a road over a repository, which typically is not the
preferred approach. In addition to vehicle traffic over the repository, possibly
including heavy trucks, there is also increased erosion concerns and
stormwater issues associated with a road across a repository. Design
considerations may include outsloping the road, constructing armored drain
dips, and/or lining road ditches with low-permeability materials. This route
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would not significantly change the road length. Grades would depend on the
final repository grading, but are expected to be in the 4 percent to 8 percent
range.

In addition to the permanent rerouting of USFS Road 678, temporary detours will also be
necessary during construction. One temporary detour will not be sufficient, due to the likelihood
of borrow activities crossing the power line road to the northwest. These temporary detours will
depend on the stage of construction and will likely include a combination of the route described
in the first permanent alternative discussed above and a temporary detour through the repository
footprint.

4.6 Material Suitability

Subsurface soil samples were collected from potential borrow areas and from within the
repository area to determine if onsite materials would be suitable for use in constructing the
repository. Based on the field observations and test results, sufficient volumes of material exist
within the repository area for construction of the repository, subject to further design and
decisions regarding liner systems. Topsoil samples were also collected from potential borrow
areas to determine suitability for use as cover soil. Topsoil samples were previously collected
from the Repository 2 Area and analyzed during the RI.

Test results for these materials are presented and discussed in Section 3. The suitability of these
materials for use in constructing the repository are discussed in the following subsections.

4.6.1 Repository Construction Materials

Preliminary engineering soil properties of the repository in-situ native soils and reconstituted soil
(compacted fill) are provided in Table 4-3. The properties of the in-situ soils and compacted fill
are based on laboratory testing (presented in Section 3), correlation of specific soil properties
with soil index tests (i.e., grain size and Atterberg Limits), and SPT blow counts.

Permeability of the in-situ colluvium and glacial till soils were determined using empirical
correlations (Carrier 2003) based on laboratory measurements of particle size distribution and
assumptions regarding the physical characteristics of individual particle shape.
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Table 4-3. Preliminary Engineering Properties of Proposed Repository Soils,
Black Pine Mine

Effective Strength
; Undrained Vertical
Geologic . Moist Unit Effective Effective Shear -
. Soil Type . Cohesion Permeability
Unit Weight (pcf) | Eriction Strength
Intercept ] (cm/sec)
Angle (osf) (psf)
(degrees) P
In-Situ GM., GP- 1.0x10"to
Colluvium | GM 125t0 135 35t038 |0 NA 1.0x 102
In-Situ 5.0x10” to
Glacial Till GM 130 to 140 38t042 | O NA 5.0 to 107
1.0x10°to
GC 130 to 140 32t036 |0 NA 1010 10%
2,000 to 1.0x 10" to
CL 12510 135 241028 | 0to 200 4,000 101010
Compacted | GM, GP- 1.0x10°to
Fil] @0 oM 130t0 140 | 36t040 |0 NA 10 10°
sc® 125t0130 | 28 300 NA 2010710
0 20x 10°
oL 12510135 | 17 300 1,000 to 1.0x 107 to
0 2000 1.0x 10°

pcf — pounds per cubic foot

psf — pounds per square foot

NA - Not Applicable

(@) Fill placed and compacted to 95percent standard Proctor.
(b) Based on laboratory permeability and triaxial strength testing

4.6.1.1 Foundation Materials

The subgrade soils are moisture sensitive and can be easily loosened or softened by construction
traffic during wet weather. In an undisturbed condition, the subgrade soils have moderate to
high strength. These soils also have low to moderate compressibility such that settlement of the
foundation soils under the waste fill will be minimal and would occur as the loads are applied.
Estimated subgrade settlement due to 26 feet of waste fill will be about 1 to 3 inches. Looser
disturbed soils and/or waste material found near the center of the repository (test pit RY-SS-07)
at the Harrison shaft could experience up to 50 percent more settlement than the surrounding
native soils. However, since the settlement will occur as the loads are applied, differential
settlement should not pose a problem. The in-situ native soils appear to be suitable to support
construction of a waste repository.
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4.6.1.2 Cap and Liner Materials

In-situ, subgrade soils that would form the base of the proposed repository, based on an
excavation depth of approximately 10 feet, include dense sandy gravel with silt (GP-GM), silty
to clayey gravel with sand and cobbles (GM, GC) and gravelly lean clay with sand and cobbles
(CL) (Figure 4-3). As shown in Table 4-3, the range of permeability for these in-situ soils range
from 5x10° cm/sec to 1x10cm/sec. The in-situ permeability of the sandy gravel with silt and
silty to clayey gravel with sand and cobbles is higher than desired for the repository base. If
processed and re-compacted, the permeability of these materials may be lowered, but the
permeability of the sandy gravel with silt and silty gravel would likely still be higher than desired
for the repository base (Table 4-3).

The clayey gravel (GC) and gravelly lean clay (CL) materials encountered within the repository
area would be suitable for use as a compacted soil liner for either the repository base or cap.
These clayey materials could provide permeability in the range of 2x10° cm/sec to 1x10” cm/sec
if processed and re-compacted. Processing would include removing gravels and cobbles greater
than 3 inches from the materials, which could be difficult. If it is feasible to separate the gravels
from the finer materials, there does appear to be sufficient clayey material in the repository area
to construct a 1.5-foot thick clay liner. A 1.5-foot thick liner would require approximately
59,500 cy of clayey material, assuming the material is comprised of approximately 50 percent
gravel and 50 percent clay (i.e., 29,750 cy of clay is needed). Based on materials encountered in
the test pits and boreholes, there appears to be approximately 45,000 cy of clayey materials
within the proposed repository excavation (based on the 10-foot excavation scenario). The
additional 14,000 cy required to construct a clay liner could be borrowed from areas downslope
of the repository footprint. While the clay materials encountered within the proposed repository
area could be used to construct a clay liner, the cost and time to process the material should be
compared to the cost of using a geosynthetic liner system.

The soils within the proposed repository area, including those within the preliminary repository
excavation, are suitable for use as soil cover material. These materials should be screened to
remove cobbles and larger fractured rock greater than 6 inches as well as large debris. The
cobbles and fractured rock screened out of the soil cover could be used as part of the rock armor
erosion protection layer. The preliminary repository excavation design results in 192,500 cy of
cut, including 4,800 cy of topsoil, 45,000 cy of clayey materials, and 7,700 cy of rock armor
material. This leaves approximately 135,000 cy of cut material. Construction of a 1.5-foot thick
soil cover would require 37,500 cy and constructing a 2-foot soil cover would require 50,000 cy.
Between 85,000 cy and 97,500 cy (assuming clayey materials are used to construct a clay liner)
would be left to backfill waste removal areas in the Combination Mill AOC. These values are
less than the 108,000 cy of fill estimated for these areas, but again assumes the clayey materials.

4.6.2 Cover Soils

In-situ topsoil within the repository footprint is suitable for use as cover soil, with the exception
of topsoil near RY-SS-03. As described in Section 3.4.1, the pH of the topsoil samples collected
from the repository is suitable for plant growth. Conductivity and CEC for the topsoil samples
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were within acceptable ranges, but levels of nitrate, phosphorous, and potassium are low. The
soils would require amendments to increase these nutrient levels.

While the quality of the topsoil is suitable for use as cover soils, there are limited quantities
available. A notable portion of the repository footprint (3.6 acres) has been previously disturbed
and no longer has topsoil. Topsoil thickness noted in test pits ranged from 3 inches (RY-SS-06)
to 9 inches (RY-SS-04). Topsoil was noted in test pit RY-SS-03 to a depth of 24 inches, but was
not distinguished from silty gravel encountered in the same interval. Additionally, the
agronomic results for the sample collected from this location indicated the material would not be
suitable for use as cover soil due to low organic content.

An average of 3 inches of topsoil is assumed salvageable across 11.9 acres of the repository
footprint. This equates to approximately 4,700 cy of topsoil available for use as cover soil for
the repository. This quantity is less than the amount (12,500 cy) that would be required to
establish a 6-inch growth medium across the final repository surface.

Additional topsoil suitable for use as cover soil is present in potential borrow areas BPB7A,
BPB2/3, BPB1A, and BPB13. However, disturbing these areas to provide cover soil for the
repository is not recommended due to the limited depth of topsoil in these areas and the resulting
increase in disturbance area. Instead, a combination rock armoring and vegetation cover is
proposed for the repository. This approach will make use of the 4,700 cy of topsoil available
within the repository footprint to provide 6 inches of growth media over approximately 6 acres
of the repository. The remaining surface will be protected with a 6-inch rock cover.

4.7 Preliminary Construction Flow

The preliminary workflow for the repository construction and support activities has been briefly
considered to support the evaluation of the repository location. Repository construction and
support activities are anticipated to be conducted in the following general sequence with overlap
anticipated between activities. Construction activities should be conducted in parallel when
possible and when those activities do not impinge on the quality of the work. Exceptions to the
following general sequence will also likely occur during actual construction. Construction will
follow best management practices to minimize impacts to the public and the environment. A
more complete and thorough presentation of the workflow schedule for the project will be
developed during the design.

1. Stormwater Control. Stormwater controls will be installed prior to initiation of
clearing and grubbing and road improvements to minimize migration of sediments
and contaminants. Stormwater best management practices will be followed
throughout the duration of construction. Temporary and permanent stormwater runon
and runoff diversions will be constructed at the repository site. Stormwater runoff
diversions will be designed to keep water out of the repository site to the extent
possible during initial construction, waste loading, and capping. Precipitation that
falls within the site footprint will be directed off site to minimize ponding and
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infiltration within the repository footprint. Stormwater diversions and controls will
also be installed at the waste excavation locations.

2. Clearing and Grubbing. Portions of the repository site are heavily wooded,
particularly the northern and eastern sides. Clearing and grubbing with some logging
will need to be conducted at the site. If fine-grained soils are ultimately needed from
the adjacent downslope borrow area, BPB7A, then clearing and grubbing will need
to be conducted in that area.

3. Road Improvements. Preliminary design information suggests that sufficient fine-
grained material is available in the proposed repository area and adjacent BPB 7A for
use in the construction of the repository. However, during construction of the
repository, road improvements may be necessary if additional borrow material is
required from other borrow areas.

In addition, prior to the hauling of waste, existing roads between the waste excavation
areas and the proposed repository area may need to be widened to accommodate two-
way haul truck traffic or pullouts may be used to provide for two-way traffic.
Temporary roads may also be required to access sediments downstream of the
Combination Mill in the South Fork Lower Willow Creek drainage and to
accommodate waste and borrow material traffic patterns. EXxisting permanent roads
impacted by construction activities may need to be restored after construction is
complete. New temporary roads will be kept to a minimum, and following the
completion of construction activities, the temporary roads would be reclaimed.

4. Cover Soil Stripping. Cover soil will be stripped, stockpiled, and reused where it
exists at the repository area. Additional cover soil may need to be stripped from one
of the potential borrow areas, such as BPB7A. Cover soil in borrow areas will not be
completely stripped, unless subsurface materials are being mined as well.
Approximately 2 to 4 inches of cover soil will be left in place to allow revegetation of
these areas.

5. Repository Site Excavation and Preparation. Following removal of vegetation and
topsoil, the repository area will be excavated to design grades. The depth of
excavation will be dependent on the final design, but 10 feet or more of subsoil may
be excavated for the repository. This soil will be staged and screened as appropriate
to separate fine-grained material from large gravels, cobbles, and fractured rock.
Excavated and screened material will be reused for cover and/or liner material to the
extent possible. Cobbles will be used primarily to backfill waste rock excavations.

The base and sides of the repository will be prepared to allow placement of waste
material. Low-permeable soil may be placed on the bottom and sides of the
repository to minimize seepage of water into, or leachate out of the repository.
Subsurface diversions of water will also be considered at the repository site to prevent
migration of water into the repository.
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A leachate collection sump will be installed if the repository is lined with a low
permeable clay or geosynthetic liner. Active or passive (gravity) methods of
removing and disposing of the accumulated leachate will be required during and after
waste placement for an undetermined number of years.

6. Borrow Area Activities. Borrow material may be needed for cover soil and/or for
fine-grained material for use in the cover and/or liner. Borrow area activities may
involve clearing and grubbing, stripping, stockpiling, and hauling of topsoil, and
excavation, screening, and use of fine-grained material for a cover or subliner.

7. Waste Excavation, Hauling, and Placement. Excavation, hauling, and placement of
waste materials into the repository will commence once the repository basin is
complete and necessary ancillary activities, such as road improvements, have been
completed. Waste drying and/or mixing with an amendment, such as lime, may occur
at the point of excavation so that waste passes the Paint Filter Test (PFT) prior to
transport. Waste staging and/or mixing may also occur at or near the repository site
prior to or during placement. Lime may need to be mixed with the Combination Mill
tailings and/or sediments to help stabilize the finer-grained material and/or slimes.
Combination Mill tailings may be placed in an area separate from the waste rock from
the other AOCs, or may be mixed with the waste rock for stabilization. Placement
means and methods will be determined during the final design.

8. Repository Capping. Following placement of wastes to final design grades, the waste
will be capped with a geosynthetic liner, soil cover, and rock armor/growth media.

9. Reclamation. Upon completion of the repository, disturbed areas will be reclaimed
by bringing in fill material as necessary and grading the areas to drain. Topsoil will
be amended as appropriate and placed on final graded surfaces. The disturbed areas
will be revegetated with a native seed mix applicable to the BPM elevation and
ecology.

December 16, 2013 90 Herrera Environmental Consultants



5.1

5.0 Conclusions and Recommendations

General

Site observations and investigations were conducted and the collected data were evaluated to
further evaluate the possibility of siting and constructing a long-term waste storage repository at
the proposed location. Based on results from the investigations and the evaluations conducted to
date, the proposed location appears suitable for long-term waste storage. The critical
characteristics of the site contributing to that conclusion include the following:

The repository site can accommodate the waste volume of approximately 420,000 cy
(see Table 4-1) with room for expansion.

Bedrock conditions at the site will not significantly affect construction of a
repository. Bedrock is approximately 120 feet bgs in the middle of the northern edge
of the site. On the perimeter of the proposed repository footprint, where the bedrock
is closer to the surface, the bedrock appears rippable. Although the bedrock is
fractured, bedrock slippage at the fractures is not expected to occur because bedrock
will generally not be disturbed and overburden removal will be minor during
construction of the repository. The area of bedrock containing ore-bearing rock in the
vicinity of RY-RB-03 that, if exposed to the atmosphere and water, may generate
ARD is not included within the repository footprint.

Although normal faults have been noted in the mine area and near the proposed
repository area (Figure 4-1), either the faults appear to have been inactive for a
significant period, allowing soil to develop over them, or the faults do not extend to
the surface. In addition, the displacements of these faults are considered to be
minimal (Herrera/Trihydro 2012b) and no apparent indications of fault activity have
been observed during field investigations in the repository area. During bedrock
coring, layers of bedrock were not observed to repeat within borehole locations,
which is an indication that the bedrock underlying the site is not thrust faulted (low
angled faults that create repetition of beds with depth in a borehole).

Although underground mine workings are known to extend into the area of the
repository, they do not appear to substantially affect the suitability of the site due to
their depth ranging from 123 feet bgs (near the Harper Shaft) to 410 feet bgs (near the
Lewis Shaft). Mine workings were not observed or encountered during the
advancement of boreholes or the installation of test pits associated with this
repository investigation.

The repository location is upslope and away from mapped seeps and springs.

Shallow groundwater/perched water at the site appears to be limited, and the
groundwater observed to date does not appear to be extensive or flow significantly.
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Deeper groundwater has not been observed in MW-RY-09 that is screened between
10 and 30 feet bgs. Deeper groundwater was observed infiltrating at a flow estimated
at less than 1 gpm into two of the five boreholes advanced during this investigation
(RY-RB-01 and RY-RB-02), at depths of approximately 38 feet bgs and between

30 and 43.5 feet bgs, respectively. However, these depths are greater than the
anticipated excavation depth for the repository.

= Impacts to the surrounding infrastructure caused by the siting and construction of a
repository, such as power lines, roads, and historical shafts, can either be avoided or
managed. The proposed layout sits against the southern ridge, which avoids the
overhead power lines but requires rerouting USFS Road 678. Alternatives to
rerouting USFS Road 678 were presented in Section 4.

= A repository at this site will be able to comply with requirements that are applicable
or relevant and appropriate. In some instances, a variance may be requested based on
consideration of site conditions and controls.

5.2 Waste Materials

The waste materials (approximately 420,000 cy) consist of waste rock from the Combination
Mine, Tim Smith Mine, and Historic Mine AOCs, fine-grained tailings and sediments from the
Combination Mill AOC and reprocessing area, and sediments from the South Fork Lower
Willow Creek. The waste rock proposed to be placed in the repository contains sulfides that
have the potential to generate ARD if exposed to oxygen and water. Heavy metals are present in
the waste material from each of the AOCs and the COCs include antimony, arsenic, cadmium,
copper, lead, mercury, silver, and zinc. Mercury is present in the Combination Mill,
reprocessing area, and South Fork Lower Willow Creek-related wastes. These wastes will
require monitoring and management during excavation, transport, and placement.

Minimizing contact between waste materials and water is important to reduce generation of
ARD, leaching of heavy metals, and transport of the ARD and metals into the groundwater or
surface water. Repository design features to minimize contact between waste materials and
water include a low-permeability cap, surface water and shallow subsurface water diversions,
and a bottom liner (if determined to be appropriate).

Geotechnical testing performed on Combination Mill tailings, sediment and reprocessing area
samples showed that adequate compaction densities could be achieved for the placement of this
material. Based on test pit observations during the RI, some of these materials are highly
saturated and will likely require drying or mixing with other materials (e.g., lime products, waste
rock, impacted soils, etc.) prior to placement and compaction in a repository. However, the
geotechnical results from the samples tested during this investigation indicate that the natural
moisture contents were typically dry of optimum indicating that drying and/or mixing will not be
required on all tailings and sediment material.
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5.3 Repository

The potential repository area covers approximately 15 acres in a topographic bowl north of the
access road to the Lewis Shaft and includes the Harrison and Harper Shaft areas within the
Historic Mine AOC. Figure 2-9 illustrates the proposed repository layout.

The preliminary design for the proposed repository discussed and presented in Section 4 is
summarized below:

= The repository is designed to blend in with the surrounding topography to the extent
possible. The area will be excavated to depths of 10 to 14 feet bgs with cut slopes
varying from 2H:1V to 3H:1V. The repository thickness, including waste materials,
cap materials, and surface erosion protection features ranges from 25 feet to 35 feet
with approximately 13 to 25 feet (including surface cap) above grade. The finished
surface slopes for the majority of the repository area will range from 7H:1V to
10H:1V; however, the slopes range from 4H:1V to 3H:1V along the southwest edge
of the repository to tie with the existing topography near the Lewis Shaft.

= The proposed repository will be capped to reduce precipitation that falls directly on
the repository from infiltrating into the waste materials. The surface will also be
sloped to promote drainage off the cap. The cap will include a liner system designed
to reduce permeability to less than 1x10° cm/sec. The liner system will include a
bedding layer/material, an impervious layer/geosynthetic material, and a drainage
layer/material. The composite liner will be protected with a soil cover with a
thickness of between 1.5 feet and 2.5 feet.

= An erosion protection layer is required to protect the repository cap. This layer is
typically a vegetative layer. As discussed in Section 4.4.3, limited topsoil is available
onsite, which would make establishment of a dense vegetation cover difficult, without
disturbing larger areas. Additional topsoil is present in potential borrow areas
BPB7A, BPB2/3, BPB1A, and BPB13. However, disturbing these areas to provide
soil for the repository is not recommended because establishment of vegetation on the
stripped areas would also be difficult. Instead, a combination rock armoring
(approximately 9.5 acres) and vegetation cover (6 acres) is proposed for the
repository.

= A bottom liner has not specifically been included in the preliminary repository
design, but based on the materials and conditions encountered during the repository
investigation, further evaluation of a bottom liner is warranted. An option for further
evaluating the need for a bottom liner that could be completed as part of the
repository design would be to conduct field infiltration tests.

= Based on the field observations and test results, sufficient volumes of material exist
within the repository area for construction of the repository, subject to further design
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and decisions regarding liner systems. The clayey gravel (GC) and gravelly lean clay
(CL) materials encountered within the repository area would be suitable for use as a
compacted soil liner for either the repository base or cap. These clayey materials
could provide permeability in the range of 2x10° cm/sec to 1x10°" cm/sec if
processed and re-compacted. Processing would include removing gravels and
cobbles greater than 3 inches from the materials, which could prove difficult. If itis
feasible to separate the gravels from the finer materials, there appears to be sufficient
clayey material in the repository area to construct a 1.5-foot thick clay liner. The cost
and time to process the on-site material as compared to using a geosynthetic liner
system should be evaluated during the design.

= These soils also have low to moderate compressibility such that settlement of the
foundation soils under the waste fill will be minimal. Since the settlement would
occur as the loads are applied, differential settlement should not pose a problem. The
in-situ native soils appear to be suitable to support construction of a waste repository.

= The preliminary design includes stormwater diversion ditches and interceptor
trenches upslope of the repository. The ditches would intercept stormwater runoff
and snowmelt from upslope areas and divert the water around the repository. These
ditches will limit the amount of water contacting the surface of the repository, thereby
reducing the potential for erosion of, or infiltration through, the cap. The ditches
should be constructed with low permeability materials (available onsite) to limit
infiltration through the ditch bottom. Similarly, shallow interceptor trenches along
the upslope perimeter would be designed to capture shallow subsurface flows and
provide a preferential flow path away from the repository. Drainage material for the
interceptor trenches would likely need to be imported from an offsite source or
obtained by screening onsite sources.

5.4 Borrow Areas

Borrow material may be needed for topsoil and fine-grained material for use in the cover system.
The potential borrow area soil materials consisted of coarse-grained sands and gravels with
varying amounts of silt and lean clay. Sufficient fine-grained materials for possible use in a
repository cover or liner were present at BPB1A, BPB7A, and BPB13. The southern portion of
BPB7A may serve as a source of materials for berm and liner/cap construction and likely will be
disturbed by other construction-related activities.

Topsoil depths across the BPM range from 2 to 5 inches. This makes borrowing topsoil difficult.
Sufficient depth of topsoil must exist in borrow areas to provide material for the target area while
also maintaining sufficient topsoil at the borrow area to allow for reclamation. Available topsoil
in BPB7A should be re-applied to that area if it is disturbed to obtain materials for construction
of the repository. The other potential borrow areas may be needed to provide cover soils for
waste removal areas, where no onsite topsoil exists. Agronomic tests were run on topsoil
samples from potential borrow areas BPB1A, BPB2/3, BPB7A, and BPB13 and they were
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determined to be acceptable (with nitrogen amendment) for vegetation establishment (refer to
Sections 3.3.1 and 3.4.1).

5.5 Future Investigations

If the site is acceptable to the DEQ for locating a repository, limited additional site investigations
are recommended to provide detailed information for the design. Recommended investigations
include:

= Hydraulic conductivity estimates from in-situ large-scale infiltration tests.
Large-scale field tests could be conducted to estimate the hydraulic conductivity of
the glacial till in the bottom of the excavation. Figure 4-3 shows the soil lithology
expected to be present at the bottom of the repository excavation. The soils in the
base of the repository are primarily comprised of clay, silt, and clayey gravel in one
area and silty gravel with sand and cobbles throughout most of the remaining area.
The resulting hydraulic conductivity estimates would be used in evaluating the need
for a bottom liner in portions of, or the entire repository.
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APPENDIX A

FIELD SAMPLING METHODS















APPENDIX B

TEST PIT LOGS AND FIELD NOTES
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2011 RI TEST PIT AND BOREHOLE LOGS
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TCLP LABORATORY ANALYTICAL REPORTS
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GEOCHEMICAL LABORATORY ANALYTICAL REPORTS
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GEOTECHNICAL LABORATORY REPORTS













































































































































Test Method: AASHTO T99

Compaction Procedure: C

COMPACTION CURVE

Specimen Preparation Method: Moist

NOTATION: O Representative of entire sample | Compaction Test specimen X selected Optimum Point
105 1 1 1 | | 1 | )\ | 1 | | 1 1 1 1 1 | | | 1 1 1 1
Opt. WC  Max. DUW
As Tested: 24.4% 91.6 pcf
Corrected for 0.0% +3/4-in material: 24.4%  91.6 pcf
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o 100 10 1 0.1 0.01 0.001
GRAIN SIZE (mm)
Description and/or Classification LL PL PI % Specific
Fines Gravity
ML, gray, Sandy silt np np np | 57.2 |2.6 (Assumed)
. . CML-GT
Black Pine Mine SAMPLE: 04 DEPTH: 0-1ft
Pioneer Technical Services COMPACTION AND INDEX
TerraSense, LLC Project No. 8054-13001 PROPERTY DATA
Analysis File: CMP_PLTv4 (5/12) compld.xIsx 2/26/2013



COMPACTION CURVE
Test Method: AASHTO T99 Compaction Procedure: C Specimen Preparation Method: Moist
NOTATION: O Representative of entire sample | Compaction Test specimen X selected Optimum Point
115 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Opt. WC  Max. DUW
As Tested: 18.0% 100.2 pcf
Corrected for 0.0% +3/4-in material: 18.0% 100.2 pcfl
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Saturation = 100% \ ;
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< I el
a \
£ 105 N
= =
=) N\
3 N
=
c
S 100 }’h‘ﬁ
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T |
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Molding Water Content (%)
PARTICLE-SIZE DISTRIBUTION CURVE
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COARSE | FINE COARSE | MEDIUM | FINE
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GRAIN SIZE (mm)
Description and/or Classification LL PL PI % Specific
Fines Gravity
SM, brown, Silty sand NP | 20.2 [2.75 (Assumed)
. . CML-GT
Black Pine Mine SAMPLE: 06 DEPTH: 0-1 ft
Pioneer Technical Services COMPACTION AND INDEX
TerraSense, LLC Project No. 8054-13001 PROPERTY DATA

Analysis File: CMP_PLTv4 (5/12)
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COMPACTION CURVE
Test Method: AASHTO T99 Compaction Procedure: C Specimen Preparation Method: Moist
NOTATION: O Representative of entire sample | Compaction Test specimen X selected Optimum Point
125 1 1 le | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Opt. WC  Max. DUW
As Tested: 15.6% 107.1 pcf
Corrected for 0.1% +3/4-in material: 15.6% 107.1 pcfl
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Description and/or Classification LL PL PI % Specific
Fines Gravity
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. . CML-GT
Black Pine Mine SAMPLE: 07 DEPTH: 152 ft
Pioneer Technical Services COMPACTION AND INDEX
TerraSense, LLC Project No. 8054-13001 PROPERTY DATA
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EmRGY @ "™ www.energylab.com Helena, MT B77-472-0711 = Billings, MT 800-735-4489 = Casper, WY 888-235-0515
ey P & gl Analyical Excallencs Since 1952 Gillette, WY 866-686-7175 © Rapid City, SD 888-672-1225 » College Station, TX 888-690-2218
ANALYTICAL SUMMARY REPORT

September 27, 2012

MT DEQ-Abandoned Mines

PO Box 200901
Helena, MT 59620-0901

Workorder No.: H12090018 Quote ID: H765 - Black Pine Mine 2012 sampling

Project Name: Black Pine Mine

Energy Laboratories Inc Helena MT received the following 17 samples for MT DEQ-Abandoned Mines on 9/4/2012 for
analysis.

Sample ID Client Sample ID Collect Date Receive Date = Matrix Test

H12090018-001 BPB7A-GC-03 08/31/12 10:00 09/04/12 Soil Cation Exchange Capacity
Cations, NHO4Ac Extractable
Conductivity, Saturated Paste
Extract
Lime Requirement, SMP Buffer
Moisture
Nitrate as N, KCL Extract
Organic Matter-Walkley/Black
pH, Saturated Paste
Phosphorus-Olsen
CEC NH4AC Soil Extraction
KCL Soil Extract
NaHCOS3 Soil Extract
NH4AC Soil Extraction
Particle Size Analysis / Texture Prep
Saturated Paste Extraction
Total Organic Matter Prep
Particle Size Analysis / Texture

H12090018-002 BPB7A-GC-02 08/31/12 10:45 09/04/12 Soil Cation Exchange Capacity
Cations, NHO4Ac Extractable
Acid/Base Potential
Conductivity, Saturated Paste
Extract
Lime Requirement, SMP Buffer
Moisture
Nitrate as N, KCL Extract
Organic Matter-Walkley/Black
pH, Saturated Paste
Phosphorus-Olsen
CEC NH4AC Soil Extraction
KCL Soil Extract
Lime Percentage
NaHCOS3 Soil Extract
NH4AC Soil Extraction
Particle Size Analysis / Texture Prep
Saturated Paste Extraction
Total Organic Matter Prep
Particle Size Analysis / Texture
Sulfur Forms
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ANALYTICAL SUMMARY REPORT

H12090018-003 BPB7A-GC-04 08/31/12 12:45 09/04/12 Soil

Cation Exchange Capacity
Cations, NHO4Ac Extractable
Conductivity, Saturated Paste
Extract

Lime Requirement, SMP Buffer
Moisture

Nitrate as N, KCL Extract
Organic Matter-Walkley/Black
pH, Saturated Paste
Phosphorus-Olsen

CEC NH4AC Soil Extraction
KCL Soil Extract

NaHCOS3 Soil Extract

NH4AC Soil Extraction

Particle Size Analysis / Texture Prep
Saturated Paste Extraction
Total Organic Matter Prep
Particle Size Analysis / Texture

H12090018-004 BPB2/3-GC-02 08/29/12 12:10 09/04/12 Soil Same As Above
H12090018-005 BPB2/3-GC-05 08/29/12 11:00 09/04/12 Soil Same As Above
H12090018-006 BPB2/3-GC-01 08/29/12 12:30 09/04/12 Soil Same As Above
H12090018-007 BPB2/3-GC-03 08/29/12 10:10 09/04/12 Soil Same As Above
H12090018-008 BPB2/3-GC-06 08/29/12 9:00 09/04/12 Soil Same As Above
H12090018-009 BPB2/3-GC-04 08/29/12 9:30 09/04/12 Soil Cation Exchange Capacity

Cations, NHO4Ac Extractable
Acid/Base Potential
Conductivity, Saturated Paste
Extract

Lime Requirement, SMP Buffer
Moisture

Nitrate as N, KCL Extract
Organic Matter-Walkley/Black
pH, Saturated Paste
Phosphorus-Olsen

CEC NH4AC Soil Extraction
KCL Soil Extract

Lime Percentage

NaHCOS3 Soil Extract

NH4AC Soil Extraction

Particle Size Analysis / Texture Prep
Saturated Paste Extraction
Total Organic Matter Prep
Particle Size Analysis / Texture
Sulfur Forms
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H12090018-010 BPB1A-GC-01 08/31/12 8:45 09/04/12 Soil Cation Exchange Capacity
Cations, NHO4Ac Extractable
Conductivity, Saturated Paste
Extract
Lime Requirement, SMP Buffer
Moisture
Nitrate as N, KCL Extract
Organic Matter-Walkley/Black
pH, Saturated Paste
Phosphorus-Olsen
CEC NH4AC Soil Extraction
KCL Soil Extract
NaHCOS3 Soil Extract
NH4AC Soil Extraction
Particle Size Analysis / Texture Prep
Saturated Paste Extraction
Total Organic Matter Prep
Particle Size Analysis / Texture

H12090018-011 BPB1A-GC-02 08/29/12 7:15 09/04/12 Soil Cation Exchange Capacity
Cations, NHO4Ac Extractable
Acid/Base Potential
Conductivity, Saturated Paste
Extract
Lime Requirement, SMP Buffer
Moisture
Nitrate as N, KCL Extract
Organic Matter-Walkley/Black
pH, Saturated Paste
Phosphorus-Olsen
CEC NH4AC Soil Extraction
KCL Soil Extract
Lime Percentage
NaHCOS3 Soil Extract
NH4AC Soil Extraction
Particle Size Analysis / Texture Prep
Saturated Paste Extraction
Total Organic Matter Prep
Particle Size Analysis / Texture
Sulfur Forms

H12090018-012 BPB1A-GC-03 08/28/12 15:45 09/04/12 Soil Cation Exchange Capacity
Cations, NHO4Ac Extractable
Conductivity, Saturated Paste
Extract
Lime Requirement, SMP Buffer
Moisture
Nitrate as N, KCL Extract
Organic Matter-Walkley/Black
pH, Saturated Paste
Phosphorus-Olsen
CEC NH4AC Soil Extraction
KCL Soil Extract
NaHCOS3 Soil Extract
NH4AC Soil Extraction
Particle Size Analysis / Texture Prep
Saturated Paste Extraction
Total Organic Matter Prep
Particle Size Analysis / Texture

H12090018-013 BPB1A-GC-04 08/28/12 16:30 09/04/12 Soil Same As Above
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H12090018-014 BPB13-GC-01 08/30/12 11:00 09/04/12 Soil Cation Exchange Capacity
Cations, NHO4Ac Extractable
Acid/Base Potential
Conductivity, Saturated Paste
Extract
Lime Requirement, SMP Buffer
Moisture
Nitrate as N, KCL Extract
Organic Matter-Walkley/Black
pH, Saturated Paste
Phosphorus-Olsen
CEC NH4AC Soil Extraction
KCL Soil Extract
Lime Percentage
NaHCOS3 Soil Extract
NH4AC Soil Extraction
Particle Size Analysis / Texture Prep
Saturated Paste Extraction
Total Organic Matter Prep
Particle Size Analysis / Texture
Sulfur Forms

H12090018-015 BPB13-GC-02 08/30/12 12:00 09/04/12 Soil Cation Exchange Capacity
Cations, NHO4Ac Extractable
Conductivity, Saturated Paste
Extract
Lime Requirement, SMP Buffer
Moisture
Nitrate as N, KCL Extract
Organic Matter-Walkley/Black
pH, Saturated Paste
Phosphorus-Olsen
CEC NH4AC Soil Extraction
KCL Soil Extract
NaHCOS3 Soil Extract
NH4AC Soil Extraction
Particle Size Analysis / Texture Prep
Saturated Paste Extraction
Total Organic Matter Prep
Particle Size Analysis / Texture

H12090018-016 BPB13-GC-03 08/30/12 12:40 09/04/12 Soil Same As Above
H12090018-017 BPB13-GC-04 08/30/12 13:30 09/04/12 Soil Same As Above

The analyses presented in this report were performed by Energy Laboratories, Inc., 3161 E. Lyndale Ave., Helena,
MT 59604, unless otherwise noted. Any exceptions or problems with the analyses are noted in the Laboratory
Analytical Report, the QA/QC Summary Report, or the Case Narrative.

The results as reported relate only to the item(s) submitted for testing.

If you have any questions regarding these test results, please call.

Report Approved By:

Page 4 of 21



www.energylab.com
Analytical Excellence Since 1952

Helena, MT B77-472-0711 = Billings, MT 800-735-4489 = Casper, WY 888-235-0515

Gillette, WY 866-686-7175 = Rapid City, SD 888-672-1225 e College Station, TX 888-690-2218

LABORATORY ANALYTICAL REPORT

Prepared by Helena, MT Branch

Client: MT DEQ-Abandoned Mines Report Date: 09/27/12
Project: Black Pine Mine Date Received: 09/04/12
Workorder: H12090018

Analysis pH, SMP Lime Moisture Sand Silt Clay Texture pH-SatPst COND K, available CEC

Buffer Requireme (As
Units Tons/1000T Tons/1000T wi% % % % % S_U_ mmhos/cm mg/kg meq/100g
Sample ID Client Sample ID Up Low Results Results Results Results Results Results Results Results Results Results Results
H12090018-001  BPB7A-GC-03 0 0 6.8 1 25 34 56 10 SiL 4.8 0.3 206 6.68
H12090018-002  BPB7A-GC-02 0 0 5.4 11 7.0 30 56 14 SiL 5.1 0.1 219 18.7
H12090018-003  BPB7A-GC-04 0 0 6.6 3 4.2 32 54 14 SiL 54 0.1 137 11.5
H12090018-004  BPB2/3-GC-02 0 0 6.9 <1 4.6 50 40 10 L 5.9 0.5 129 9.90
H12090018-005 BPB2/3-GC-05 0 0 6.2 6 5.3 52 36 12 L 5.4 0.3 224 13.1
H12090018-006  BPB2/3-GC-01 0 0 6.9 <1 3.1 56 36 8 SL 5.6 0.5 127 7.16
H12090018-007  BPB2/3-GC-03 0 0 6.2 5 4.7 46 42 12 L 6.0 04 292 23.1
H12090018-008  BPB2/3-GC-06 0 0 6.1 6 3.4 44 40 16 L 5.6 0.2 217 17.7
H12090018-009  BPB2/3-GC-04 0 0 5.7 9 10.8 32 56 12 SiL 5.8 0.1 289 34.9
H12090018-010  BPB1A-GC-01 0 0 5.6 10 7.4 32 54 14 SiL 5.3 0.2 246 234
H12090018-011 BPB1A-GC-02 0 0 6.2 5 3.6 42 42 16 L 5.6 0.1 262 15.1
H12090018-012  BPB1A-GC-03 0 0 5.9 7 6.1 34 50 16 SiL 5.4 0.2 118 16.7
H12090018-013  BPB1A-GC-04 0 0 6.0 7 12.2 36 50 14 SiL 5.0 0.1 480 14.7
H12090018-014  BPB13-GC-01 0 0 6.7 2 6.8 26 54 20 SiL 5.6 0.2 217 14.2
H12090018-015  BPB13-GC-02 0 0 71 <1 4.0 32 54 14 SiL 5.5 0.1 139 8.60
H12090018-016  BPB13-GC-03 0 0 5.9 8 7.8 30 56 14 SiL 5.0 0.2 367 21.2
H12090018-017  BPB13-GC-04 0 0 6.9 <1 6.3 32 50 18 SiL 5.5 0.1 269 14.1
Page 1 of 3
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Helena, MT B77-472-0711 = Billings, MT 800-735-4489 = Casper, WY 888-235-0515

Gillette, WY 866-686-7175 = Rapid City, SD 888-672-1225 e College Station, TX 888-690-2218

LABORATORY ANALYTICAL REPORT

Prepared by Helena, MT Branch

Client: MT DEQ-Abandoned Mines Report Date: 09/27/12
Project: Black Pine Mine Date Received: 09/04/12
Workorder: H12090018

Analysis OM-WB Neut Acid Acid/Base Sulfur, Sulfur, Hot  Sulfur, HCI Sulfur, Sulfur, Olsen NO3

Potential Potential Potential Total Water Extractable HNO3 Residual  Phos-Olsen
Units % tkt tkt tkt % % % % % mg/kg mg/kg Dry
Sample ID Client Sample ID Up Low Results Results Results Results Results Results Results Results Results Results Results
H12090018-001  BPB7A-GC-03 0 0 1.11 3 <1.0
H12090018-002  BPB7A-GC-02 0 0 4.40 2 <0.3 2 <0.01 <0.01 <0.01 <0.01 <0.01 44 <1.0
H12090018-003  BPB7A-GC-04 0 0 1.91 7 <1.0
H12090018-004  BPB2/3-GC-02 0 0 1.95 29 <1.0
H12090018-005 BPB2/3-GC-05 0 0 4.22 30 <1.0
H12090018-006  BPB2/3-GC-01 0 0 2.29 20 <1.0
H12090018-007  BPB2/3-GC-03 0 0 9.51 30 <1.0
H12090018-008  BPB2/3-GC-06 0 0 4.65 16 1.1
H12090018-009  BPB2/3-GC-04 0 0 9.06 8 <03 8 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 15 <1.0
H12090018-010  BPB1A-GC-01 0 0 9.06 20 <1.0
H12090018-011 BPB1A-GC-02 0 0 2.51 5 <0.3 5 <0.01 <0.01 <0.01 <0.01 <0.01 49 <1.0
H12090018-012  BPB1A-GC-03 0 0 9.51 13 <1.0
H12090018-013  BPB1A-GC-04 0 0 3.75 5 <1.0
H12090018-014  BPB13-GC-01 0 0 2.01 6 <03 6 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 1 <1.0
H12090018-015  BPB13-GC-02 0 0 0.76 4 <1.0
H12090018-016  BPB13-GC-03 0 0 4.47 30 <1.0
H12090018-017  BPB13-GC-04 0 0 0.82 8 <1.0
Page 2 of 3
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Helena, MT B77-472-0711 e Billings, MT 800-735-4489 = Casper, Wy 888-235-0515
Gillette, WY 866-686-7175 = Rapid City, SD B8B-672-1225 = College Station, TX 888-690-2218

QA/QC Summary Report

Prepared by Helena, MT Branch

Client: MT DEQ-Abandoned Mines Report Date: 09/27/12

Project: Black Pine Mine Work Order: H12090018
Analyte Count Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual
Method: ASA12-3 Analytical Run: SOIL PH METER_120912A

Sample ID: CCV1
pH, SMP Buffer

Continuing Calibration Verification Standard

3.98 Tons/1000T

0.10

100

90 110

09/12/12 16:00

Method:  ASA12-3
Sample ID: ICV1
pH, SMP Buffer

Sample ID: LCS-1011
pH, SMP Buffer

Sample ID: H12090018-010ADUP
pH, SMP Buffer
Lime Requirement, SMP buffer

Sample ID: H12090018-017ADUP
pH, SMP Buffer
Lime Requirement, SMP buffer

Initial Calibration Verification Standard

9.98 Tons/1000T

Laboratory Control Sample
7.55 Tons/1000T

2 Sample Duplicate
5.54 Tons/1000T
10.2 Tons/1000T

2 Sample Duplicate
6.96 Tons/1000T
ND Tons/1000T

0.10

0.10

0.10
1.0

0.10
1.0

100

100

Run: SOIL PH METER_120912A
90 110

Run: SOIL PH METER_120912A
70 130

Run: SOIL PH METER_120912A

0.7

Run: SOIL PH METER_120912A

Batch: R82887
09/12/12 16:00

09/12/12 16:00

09/12/12 16:00

30

09/12/12 16:00

30

Qualifiers:
RL - Analyte reporting limit.

ND - Not detected at the reporting limit.
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QA/QC Summary Report

Prepared by Helena, MT Branch

Client: MT DEQ-Abandoned Mines Report Date: 09/27/12
Project: Black Pine Mine Work Order: H12090018
Analyte Count Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual
Method:  ASA15-5 Batch: R82970
Sample ID: H12090018-010ADUP 3 Sample Duplicate Run: SOIL HYDROMETER_120917 09/14/12 10:38
Sand 30.0 % 1.0 6.5 20
Silt 56.0 % 1.0 3.6 20
Clay 14.0 % 1.0 0.0 20
Sample ID: H12090018-017ADUP 3 Sample Duplicate Run: SOIL HYDROMETER_120917 09/14/12 10:38
Sand 32.0 % 1.0 0.0 20
Silt 52.0 % 1.0 3.9 20
Clay 16.0 % 1.0 12 20
Sample ID: LCS-17957 3 Laboratory Control Sample Run: SOIL HYDROMETER_120917 09/14/12 10:38
Sand 30.0 % 1.0 107 70 130
Silt 40.0 % 1.0 105 70 130
Clay 30.0 % 1.0 88 70 130
Qualifiers:
RL - Analyte reporting limit. ND - Not detected at the reporting limit.
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Helena, MT B77-472-0711 e Billings, MT 800-735-4489 = Casper, Wy 888-235-0515

Gillette, WY 866-686-7175 = Rapid City, SD B8B-672-1225 = College Station, TX 888-690-2218

QA/QC Summary Report

Prepared by Helena, MT Branch

Client: MT DEQ-Abandoned Mines
Project: Black Pine Mine

Report Date: 09/27/12
Work Order: H12090018

Analyte Count Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual
Method:  ASA24-5 Analytical Run: FIA202-HE_120912A
Sample ID: ICV Initial Calibration Verification Standard 09/12/12 13:05
Phosphorus, Olsen 5.3 mg/kg 1.0 106 90 110
Sample ID: ICB Initial Calibration Blank, Instrument Blank 09/12/12 13:09
Phosphorus, Olsen 0.025 mg/kg 1.0 0 0
Method:  ASA24-5 Batch: 17889
Sample ID: MB-17889 Method Blank Run: FIA202-HE_120912A 09/12/12 13:11
Phosphorus, Olsen 0.8 mg/kg 0.08
Sample ID: LCS-17889 Laboratory Control Sample Run: FIA202-HE_120912A 09/12/12 13:12
Phosphorus, Olsen 44 mg/kg 1.0 99 70 130
Sample ID: H12090018-001AMS Sample Matrix Spike Run: FIA202-HE_120912A 09/12/12 13:14
Phosphorus, Olsen 65  mg/kg 1.0 125 80 120 S
Sample ID: H12090018-001AMSD Sample Matrix Spike Duplicate Run: FIA202-HE_120912A 09/12/12 13:15
Phosphorus, Olsen 62 mg/kg 1.0 117 80 120 5.9 20
Sample ID: H12090018-010Adup Sample Duplicate Run: FIA202-HE_120912A 09/12/12 13:28
Phosphorus, Olsen 21 mg/kg 1.0 6.5 30
Sample ID: H12090018-015AMS Sample Matrix Spike Run: FIA202-HE_120912A 09/12/12 13:34
Phosphorus, Olsen 93  mg/kg 1.0 117 80 120
Sample ID: H12090018-015AMSD Sample Matrix Spike Duplicate Run: FIA202-HE_120912A 09/12/12 13:35
Phosphorus, Olsen 75 mg/kg 1.0 94 80 120 21 20 R
Sample ID: H12090018-017Adup Sample Duplicate Run: FIA202-HE_120912A 09/12/12 13:40
Phosphorus, Olsen 8.0 mg/kg 1.0 3.4 30
Qualifiers:

RL - Analyte reporting limit.
R - RPD exceeds advisory limit.

ND - Not detected at the reporting limit.
S - Spike recovery outside of advisory limits.
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QA/QC Summary Report

Prepared by Helena, MT Branch

Client: MT DEQ-Abandoned Mines Report Date: 09/27/12
Project: Black Pine Mine Work Order: H12090018
Analyte Count Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual
Method:  ASA29-3 Batch: 17875
Sample ID: LCS-178751209100822 Laboratory Control Sample Run: MISC SOILS_120910C 09/10/12 08:22
Organic Matter 1.29 % 0.020 103 70 130

Sample ID: MBLK-1787512091008 Method Blank Run: MISC SOILS_120910C 09/10/12 08:22
Organic Matter 0.02 % 0.009

Sample ID: H12090018-010ADUP Sample Duplicate Run: MISC SOILS_120910C 09/10/12 08:24
Organic Matter 9.13 % 0.020 0.7 30

Qualifiers:

RL - Analyte reporting limit. ND - Not detected at the reporting limit.
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Helena, MT B77-472-0711 e Billings, MT 800-735-4489 = Casper, Wy 888-235-0515
Gillette, WY 866-686-7175 = Rapid City, SD B8B-672-1225 = College Station, TX 888-690-2218

Client:
Project: Black Pine Mine

QA/QC Summary Report

Prepared by Helena, MT Branch

MT DEQ-Abandoned Mines

Report Date: 09/27/12
Work Order: H12090018

Analyte Count Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual
Method:  ASA33-8 Analytical Run: FIA203-HE_120913B
Sample ID: ICV Initial Calibration Verification Standard 09/13/12 10:20

Nitrate as N, KCL Extract 1.0 mg/kg 1.0 101 90 110

Sample ID: CCV Continuing Calibration Verification Standard 09/13/12 10:22
Nitrate as N, KCL Extract 0.51 mg/kg 1.0 102 90 110

Sample ID: ICB Initial Calibration Blank, Instrument Blank 09/13/12 10:25
Nitrate as N, KCL Extract -0.0072 mg/kg 1.0 0 0

Sample ID: CCV Continuing Calibration Verification Standard 09/13/1211:33
Nitrate as N, KCL Extract 0.52 mg/kg 1.0 103 90 110

Method:  ASA33-8 Batch: 17888
Sample ID: MB-17888 Method Blank Run: FIA203-HE_120913B 09/13/12 11:19
Nitrate as N, KCL Extract 0.6 mg/kg Dry 0.1

Sample ID: LCS-17888 Laboratory Control Sample Run: FIA203-HE_120913B 09/13/12 11:20
Nitrate as N, KCL Extract 6.4 mg/kg Dry 1.0 89 70 130

Sample ID: H12090018-009AMS Sample Matrix Spike Run: FIA203-HE_120913B 09/13/12 11:36
Nitrate as N, KCL Extract 5.2 mg/kg Dry 1.0 97 80 120

Sample ID: H12090018-009AMSD Sample Matrix Spike Duplicate Run: FIA203-HE_120913B 09/13/12 11:37
Nitrate as N, KCL Extract 5.1 mg/kg Dry 1.0 95 80 120 1.8 30
Sample ID: H12090018-010ADUP Sample Duplicate Run: FIA203-HE_120913B 09/13/12 11:40
Nitrate as N, KCL Extract 0.18 mg/kg Dry 1.0 30

Sample ID: H12090018-017ADUP Sample Duplicate Run: FIA203-HE_120913B 09/13/12 11:50
Nitrate as N, KCL Extract 0.81 mg/kg Dry 1.0 30

Qualifiers:
RL - Analyte reporting limit.

ND - Not detected at the reporting limit.
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APPENDIX E5

RECLAMATION INVESTIGATION GEOTECHNICAL TESTING RESULTS









APPENDIX E6

RECLAMATION INVESTIGATION SOIL MOISTURE RESULTS









APPENDIX F

HISTORICAL SURFACE WATER METALS ANALYTICAL RESULTS -HISTORIC
MINE AOC






APPENDIX G

SOIL AND ROCK CLASSIFICATION SYSTEMS AND METHODS















APPENDIX H

GEOREFERENCED MAPS IN PROPOSED REPOSITORY AREA
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